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ALL 

CREATURES 
GREAT ANA 
SMALL 


Bigness 

The whale is the biggest animal in the world. A blue whale is 
more than five times as large as the biggest land animal—the 
elephant. The African elephant stands 10 ft 6 in high and 
weighs 6.2 tons. Although this is big compared with most other 
animals, a full-grown elephant is only the same weight as a 
newborn baby blue whale. 

For all their weight, elephants are still not as strong, pound 
for pound, as a man. In a tug of war arranged between an 
elephant weighing almost 3.9 tons and 50 men with a combined 
weight of just under 3.0 tons, the men won. 


Long life 

Men and elephants do share one feature in common that sets 
them above most other animals. They live longer. Some ele- 
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phants can live for 70 years and it is quite likely that some have 
lived for over 100 years. Of course, so have some men and even 
more women, who, in general, live longer than men. 



Parrots and giant tortoises live even longer than people. Of 
course, the real problem is why people (and animals) grow old 
and die. 

Tallness 

The tallest animal is the giraffe. One giraffe living in a zoo 
almost outgrew his home and the roof of the Giraffe House was 
20 ft high. 

Most people today know what a giraffe looks like. When they 
were first brought from Africa, however, people had never seen 
so strange an animal. For a long time giraffes were called 
“camelopards” because it was believed that they were a cross 
between a camel and a leopard! 

Giraffes, because of their very long necks, are able to eat 
leaves from the high branches of trees. Even though their necks 
are so much longer than a man’s they have only the same 
number of neck bones (vertebrae), namely 7. 

Giraffes use their necks for fighting, swinging them from 
side to side and battering their opponents with their bony heads 
as if they were war clubs. 
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Because it has such a long neck, a giraffe 
needs a powerful heart to pump blood all the 
way up to its brain. A giraffe’s blood pressure is 
wo or three times greater than that of a healthy 
er§! 

Agiraffe’s heart is enormous. It weighs 25 lb 
and is 2 ft long. The walls of the heart are as 
much as 3 in thick. 


Walking 

At first sight, the cat, the camel and the 
giraffe do not appear to have much in common, 
but the way they walk is the same. Most four¬ 
legged animals move the front leg on the left 
and the back leg on the right side together, 
followed by the front leg on the right side and 
the back leg on the left. The cat, the camel and 
the giraffe, however, move the front and back 



10 











legs on one side together, followed by the front 
and back legs on the other side. 

Drinking 

Camels are probably best known for their 
ability to survive for a long time without drink¬ 
ing. They are able to do this partly because they 
lose little water in sweating and partly because 
they are able to store water in their tissues. 

Stories about the length of time a camel can 
go without drinking are often exaggerated, but a 
camel can certainly survive for ten days without 
drinking, and some have survived for as long as 
two weeks. 

A really thirsty camel can drink more than 
28 gals in 10 minutes. An elephant may not 
drink so quickly but it can drink 50 gals of water 
in a night. 

An elephant can also eat more than 500 lb of 
hay in a single night. A duckbilled platypus will 
eat its own weight in worms in one day, while a 
silkworm consumes 86,000 times its own 
weight of mulberry leaves in 56 days. 

Although animals of all sorts need to get 
much the same kind of nourishment out of what 
they eat, the variety of animal eating habits is 
very wide. 

• The desert lynx, for example, jumps into the 
air and catches birds on the wing. 

• The jaguar catches fish with its paws. 

• A tiger can eat a fifth of its own body weight in 
one meal. This makes up for the fact that when 
it attacks its prey it is unsuccessful in catching it 
nine times out of ten. 
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• Lions are equally incompetent and the male lions usually 
leave the hunting to the female, although they share the kill. 
Lions were once used by Indian nobles to hunt large game, 
much as hounds are used in fox-hunting. 

• Giant pandas are mainly vegetarians and live largely on 
bamboo shoots. 

• Australian koala bears do best on eucalyptus leaves. 

Speed 

Cheetahs were once used for hunting because of their remark¬ 
able speed. They can reach a speed of 45 mph from a standing 
start in just two seconds and at top speed they will run at 
62 mph, although they can only keep this up for about 300 yds. 

Giraffes, too, can attain a pretty high speed and can usually 
outrun most of their enemies. 

It is curious to note that a hippopotamus can run faster than a 
man. 

Swimming 

Several animals you might not expect are remarkably good 
swimmers. 

• Polar bears are not only excellent swimmers but can also run 
on land faster than a reindeer, being able to attain a speed of 
25 mph. 

• Kangaroos are strong swimmers. One that was caught by an 
Australian fisherman was 1 mi from the shore. 

• A mole was found swimming in a lake in Scotland over VA mi 
from land. 

• In central Turkey, the Van cat is noted for its fondness for 
swimming. 

Burrowing 

Moles spend most of their time under the surface of the soil 
where they use their powerful claws and legs to dig long 
tunnels. A mole can burrow 100 yds in one night. 

The smallest living mammal, Savi’s white-toothed pygmy 
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shrew, is also a burrowing animal, but, being only 2-3 in long, 
it can sometimes make use of the tunnels left in the earth by 
large worms. 

Earthworms themselves possess remarkable abilities. For 
example, one experiment showed that a worm could pull ten 
times its own weight. 

Ants also are powerful in the sort of world in which they live. 
An ant can lift fifty times its own body weight. This, of course, 
does not imply that if an ant was as big as a man it could lift 3.9 
tons. 

Nor does the fact that an ant’s brain is larger in proportion to 
its body than a man’s mean that it can think. It does not. What an 
ant does, it does by instinct. 

Numbers 

Termites are ant-like insects which live together in colonies. 
A queen termite can lay eggs at the rate of one a second. This 
means that she could produce over 30 million termites a year. 
Similarly, a pair of house flies could produce 6,600 million 
descendants in one season. 

A swarm of locusts can number 40,000 million insects. Each 
locust can eat its own body weight (.070 oz) of food a day. A 
swarm of this size is capable of consuming 80,000 tons of crops 
in a day. One such swarm that was blown into the sea off the 
coast of South Africa made a wall of dead insects 3 ft high and 
50 mi long when it was carried ashore by the tide. 
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The reason why the world is not filled with termites, flies and 
locusts, or with oysters, which also spawn in large numbers, is 
that every animal, great and small, has its enemies, which limits 
its numbers. 



Evolution 

Animals are different from each other because each has 
evolved to fit the niche in which it lives. Where the short grass 
and the small shrubs are eaten by deer, the giraffe with its long 
neck can prosper by eating leaves off the high branches no other 
creature can reach. Each has its own territory where it can 
thrive, as well as its own troubles. Ant-eaters eat ants, the 
locusts drown in the sea. 

Bees can taste with their back feet, possess five eyes and 
know how to signal to other bees in the hive to tell them where 
nectar from which they make honey is to be found. Yet, besides 
the dangers of wet and cold, they may die from their own bee 
diseases just as we may from ours. 
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BRICKS 
AMO MORTAR 


Ancient builders 

To build a building that will be stronger, warmer and more 
fireproof than wood, there is need for bricks and mortar. Bricks 
are made of clay which is either allowed to dry by itself or is 
baked in an oven. Mortar, to get the bricks to stick together, can 
be made of crushed brick, sand, or better still, lime or cement. 
Pitch, made by burning wood or coal, has also been used. 

Builders in Mesopotamia were using molded bricks bonded 

<• 

together with pitch as long ago as 6000 BC. 

The brick walls of the ancient city of Babylon were 150 ft 
thick. Even today there are remains of these great walls to be 
seen. Not everyone is sure that bricks only came to be used in 
6000 BC. Some people are convinced that it was in 10000 BC, 
12,000 years ago, when it all started. 

According to the Bible, the Tower of Babel was built of brick. 
In Egypt, in the earliest dynasties, buildings made of large 
unbaked bricks were erected. One of the pyramids was faced 
with stone but built of bricks. 

Built of stone 

The ancient civilization of Egypt is famous for the great 
pyramids it built. The largest of these is the Great Pyramid of 
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Cheops, at Giza. This was built at about 2600 EC. It stands All 
ft high. For thirty-five centuries it was the tallest building on 
Earth until the great medieval cathedrals of Europe, many of 
which were also built of stone, beat it. 

Across the world the Chinese were building the Great Wall of 
China, which was put up 246-210 BC. This remarkable struc¬ 
ture, 3,925 mi long, used enough stone to build another wall 
one brick thick and 30 ft high all around the world. 

The towering medieval cathedrals of Europe are remarkable 
for their engineering achievements. In many of them the foun¬ 
dations reach down 50 ft or more into the earth. It is not unusual 
to find that there is as much stone under the ground as there is 
above it. 


Unexpected ancient cities 

In the valley of the Indus River, in present-day Pakistan, lies 
the ancient city of Mohenjodaro. This city, built in around 1500 
BC, was planned to what in modem terms would be considered 
a high standard. The houses also possessed many “modem” 
conveniences, including excellent plumbing. 

At the other end of the world, in 1940, an expedition working 
125 mi inside the Arctic Circle in Alaska, came across the mins 
of an ancient city of 800 houses that they dated as being 2,000 
years old. From the evidence they found, these houses were 
built by people who had come from the mainland of Asia. 

The Romans did some pretty remarkable things with bricks. 
For example, the Coliseum in Rome still stands as an enormous 
circular sports stadium built out of bricks and mortar. Even in its 
somewhat mined state, it is easy to see the rooms where the 
gladiators changed clothes. Also, underneath the stadium, the 
dens in which they kept the wild animals which formed part of 
the show can also be seen. 

The Romans not only built public buildings and the domestic 
dwelling houses which made up the main part of the city, but 
they also constructed industrial buildings as well. 
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Over 1,500 years ago, Roman engineers constructed a power 
station near Arles in France. This was operated by water-power. 
Inside the building, 16 water wheels turned 32 millstones which 
were capable of producing 30 tons of flour a day. 


How tall can you build? 

For 40 years, the world’s tallest building wasn’t 
a dwelling in which people worked or lived, nor 
was it a pyramid or a cathedral. It was a tower, built 
to decorate the city of Paris—the Eiffel Tower. 

The tower was constructed out of steel by the 
French engineer, Alexandre-Gustave Eiffel, as 
part of the Paris Exhibition of 1889. After 2 years, 
2 months and 2 days of building, the work was 
finished and the tower has been one of the city’s 
greatest attractions ever since. The tower is 984 ft 
high and has no fewer than 1,792 steps, though 
there is an elevator for those who can’t face climb¬ 
ing all the way to the top. 

The precise height of the Eiffel Tower varies 
according to the weather. Because steel expands 
when it is hot, the Eiffel Tower is 6 in taller in the 

summer than it is in the winter. It can also sway 4.7 

/* 

in from side to side in the wind. 
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The use of steel girders along with brick, stone, and concrete 
allowed buildings to be taller. In 1930, the Empire State Build¬ 
ing in New York, with 60,000 tons of steel in its frame, was 
erected in six months. It also required 2,998,909 sq ft of wire 
mesh, 74,938 cu yds of concrete and 10,000,000 bricks. Fifteen 



thousand workers were also involved in its construction. It only 
remained the world’s tallest inhabited building, 1,247 ft high, 
for 24 years until 1954. Today, the World Trade Center tower in 
New York is 1,350 ft high and the Sears Tower in Chicago is 
1,454 ft 

The world’s tallest free-standing tower is the CN Tower in 
Toronto, Canada. This is 1.85 times higher than the Eiffel 
Tower, reaching a height of 1,822 ft. At the top there is a 
revolving restaurant. 

Today a series of structures is being built, each one of which 
is taller than the Eiffel Tower. These are the offshore oil-drilling 
platforms designed to stand on the bottom of the sea. If the sea is 
1,000 ft deep, the Eiffel Tower would be completely sub¬ 
merged. One such structure, the “Block 280 g Tower,” pinned 
to the sea bottom by twenty steel cables, weighs altogether 
47,300 tons which is four times as much as the Eiffel Tower. 
Offshore oil-drilling platforms are designed to house not only 
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the drilling machinery but also provide accommodation for the 
men who work on them. These living quarters must be at least 
100 ft. above the surface of the deep sea in which they stand in 
order to be out of the way of the biggest waves. 
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CELSIUS 

AMD FAHRENHEIT 



Measuring temperature 

Today, we use two principal scales to measure temperature. 
In the Celsius or Centigrade scale, the temperature at which 
water freezes is 0°C and the temperature at which it boils is 
called 100°C. In the Fahrenheit scale the freezing point of water 
is called 32°F and the boiling point of water is called 212°F. The 
scales are^named after their inventors, Anders Celsius and 
Gabriel Fahrenheit. 

In spite of the differences between them, there is one tem¬ 
perature at which the readings on both scales are the same, 
namely -40°. At this temperature, — 40°C is the same as 
— 40°F. 

Gabriel Fahrenheit chose as 0°F the lowest temperature he 
could obtain in 1714 with a mixture of ice and salt, and he chose 
normal body temperature as 96°F. Fahrenheit didn’t hit it ex¬ 
actly since we now know that blood heat is 98.6°F, not 96°F. 

It was all of one hundred years later that William Thomson 
(Lord Kelvin) calculated that when all the heat had been taken 
out of any substance its temperature would be — 273°C. This 
temperature has been known ever since as “absolute zero.” 

Most thermometers are filled with mercury. But mercury is 
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unsuitable to be used in the coldest conditions since it freezes at 
-39°C. For low temperatures, therefore, thermometers filled 
with alcohol are used because alcohol does not freeze until a 
temperature of — 114°C is reached. 

It is, however, worth remembering that the coldest place on 
Earth, the Pole of Cold in Antarctica has an annual average 
temperature of — 57.8°C ( —72°F). 

Animals as measuring instruments 

It is not always necessary to use a thermometer if you wish 
only to get rough idea of the temperature. This can be obtained 
by listening to a temperature cricket. This insect varies its rate of 
chirps according to the temperature. By counting the number of 
chirps per minute, dividing the total by four and adding 40, you' 
can obtain a number roughly corresponding to the temperature 
in degrees Fahrenheit. 

Other animals respond to temperatures in different ways. If 
you or I were to fall into the chilly waters of the Arctic, we 
would be dead within a couple of minutes. Although water 
usually freezes at 32°F, these waters remain liquid because the 
level of salt they contain lowers their freezing points. 

A polar bear, like a man, is a warm-blooded animal, but is 
better protected against the cold Arctic waters. There are fish 
which take on the temperature of their surroundings, able to live 
at very cold temperatures without any difficulty. 
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In the same way, we would find it impossible to survive in the 
hottest desert regions of the Earth. Yet there are lizards that live 
in baking hot temperatures where rocks become so hot it is 
possible to fry an egg on them. 

Many animals hibernate during the long, cold winter 
months. During this time they fall into a long, deep sleep. Their 
breathing, their heart beat and their circulation all slow down, 
and their body temperature drops as well. 

When the temperature of the air falls below 57°F, the 
hedgehog knows that the time has come for him to hibernate. 
His body temperature falls and remains 7°F above the outside 
temperature while he is asleep, although it never falls below 
43 °F. 



Glaciers 

Today people think of glaciers and ice sheets in connection 
with the polar regions and the highest mountain ranges. It 
wasn’t that long ago that the ice sheets covered a much larger 
area than they do today. 

These periods were known as the Ice Ages. The last Ice Age 
was only 18,000 years ago and it wasn’t until 5,000 years ago 
that the ice retreated to the limits that we know today. 

Ice ages don’t happen overnight, but neither do they require a 
particularly big change in temperature to bring them on. An ice 
age is a gradual process of cooling down during which the 
summers are not warm enough to melt the previous winter’s 
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snow. As time goes by, the snow gradually increases, the 
temperature drops lower and ice sheets start to form. 

If the ice sheets returned to the level they were at 18,000 
years ago, most of the Earth north of New York would be 
covered by glaciers or be buried under ice. 

During the coldest of the ice ages, 30 percent of the surface of 
the Earth was covered with ice. Today only 10 percent of the 
Earth’s surface is under ice and 80 percent of that ice is found in 
Antarctica. There the ice sheets are thousands of yards thick. 

Glaciers noimally move very slowly but in the 1930s one on 
the island of Spitzbergen in the Arctic Ocean suddenly acceler¬ 
ated and moved 12 mi in 3 years with its whole 18 mi front 
advancing 19 yds a day. 

Glaciers in Antarctica and in the Arctic are the sources of 
icebergs, floating islands of ice, that drift away into warmer 
waters, gradually melting as they go. Only one-tenth of an 
iceberg can be seen above the surface. Even so, some icebergs 
tower as much as 300 ft above the waves. Others cover a 
remarkably large area. 

In 1956, one iceberg was sighted that measured 208 mi long 
by 62 mi wide. This was the equivalent to an area of land larger 
than Belgium floating in the South Pacific. 
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Most of the icebergs in the Northern Hemi¬ 
sphere break up and disappear before they move 
into the busy shipping lanes but occasionally 
some of the larger ones float a very long way 
south. One iceberg was, in fact, spotted in the 
Atlantic at the same latitude as the Canary 
Islands off the coast of North Africa. 

Ice 

Ice is an interesting material. It is as hard as 
concrete. Its structure is different from that of 
most other frozen materials. Usually, when a 
material freezes, it gets smaller. Water, however, 
expands when it freezes. This is the reason why 
ice floats on water. It is also the reason why 
water pipes in your house burst if the water in 
them freezes. 

The Arctic and the Antarctic 

For most of the Earth’s history, the Arctic and 
the Antarctic have been free from ice. Today, 
although both are cold parts of the world, the 
Arctic climate is considerably warmer than the, 
ate in the Antarctic. This is mainly because 
the Antarctic is high and mountainous. 




The temperature in the Arctic is often above freezing. In fact, 
a temperature 5°C lower than anything recorded at the North 
Pole has occurred in the state of Montana. The average tem¬ 
perature of the capital of Iceland, Reykjavik, situated just below 
the Arctic Circle, is higher than the average temperature of New 
York City, which lies further south than Spain. 
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Unsettled weather 

At Browning, in Montana, during a single 24-hour period, 
the temperature fell 100°F from 44°F to — 56°F. The neighbor¬ 
ing state of South Dakota experienced a temperature change of 
just under half that amount in only two minutes one morning. At 
7:30 A.M. on January 22, 1943, the temperature was only 
— 2°F, but at 7:32 it had shot up to 44°F. 

For the highest temperatures recorded on Earth we have to 
look to the Sahara desert. The eastern Sahara, sometimes called 
the Libyan desert, is the sunniest place on Earth with 97 percent 
of the maximum available sunshine every year. At A1 Azizyan, 
the hottest shade temperature of 58°C (136.4°F) has been re¬ 
corded. This temperature is 3.0°C (5.4°F) hotter than the rock 
temperature at the bottom of the world’s deepest South African 
mine. 
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A fluid Earth 

It is only within the last ten years or so that it has become 
clear that the Earth and the continents on it are not solid and 
fixed. On the contrary, the Earth is fluid, like an egg on which 
great land masses, now called “tectonic plates,” float about, 
move and sometimes grate against each other like large pieces 
of eggshell. 

It is now clear that the continents, Africa, North and South 
America, Antarctica, Australia, Asia and Europe were not 
always where they are now. It seems that they have only been as 
they are now for 100 million years, which is not long within the 
age of the Earth, which is perhaps 4,700 million years. 

It now appears that about 500 million years ago all the land 
on Earth was grouped into three large continents. These re¬ 
mained independent until 275 million years ago when they 
came together to form one huge landmass. 

After another 175 million years, this area started to break up 
and the continents that we know came into existence. Now that 
it is clear that the continents are capable of drifting, it can be 
seen that South America fits into the big bite taken out of West 
Africa, from which it broke away. 
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Once major changes had taken place, minor alterations to the 
shape of the Earth’s surface followed. Seas covered land that 
once had been exposed. For example, Britain was once joined to 
Europe, but the flooding of the North Sea, 10,000 years ago, at 
the end of the last ice age, made it an island, which it has 
remained ever since. 

Of course, the continents have not stopped moving. Every 
earthquake that happens is a reminder that the large tectonic 
plates are still rubbing against each other. 

If the ancient Egyptian engineers who built the pyramids 
more than 4,000 years ago were to return they would be 
surprised. Today the pyramids are 3 mi to the south of the point 
where they were built. The pyramids themselves haven’t 
moved, but the landmass on which they stand has shifted this 
distance since the pyramids were built. 

The shape of the globe 

As we stand on the ground, the center of the Earth is about 
3,945 mi below our feet and the crust on which we stand varies 
from a depth of 30 mi under the continents to 3 mi under the 
ocean. 

Size for size, the Earth’s crust is no thicker than an eggshell! 

The center of the Earth, the core, is indeed similar to the yolk 
of the egg. The Earth’s core is probably a hot liquid mixture of 
nickel and iron, with only the inner part of the core solid. 

Although the Earth is a sphere which looks like a ball when 
viewed from space, careful study shows that it isn’t perfectly 
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round—it bulges at the middle and its circumference measured 
round the equator is over 42 mi longer than the circumference 
measured through the two poles. 

And yet it moves 

It had taken a long time for people to realize that the Earth 
was round and not flat. Along with this understanding came the 
knowledge that the Earth does not stand still in the heavens but 
spins on its axis and revolves around the Sun as it spins. 

It is curious to note that the Earth spins a little faster in 
September than it does in March. 

As the Earth spins, a point on the equator moves round at 
more than 900 mph and in its journey around the Sun, the Earth 
travels over IVi million mi through space every day. 

Big or small 

If there was a road all around the Earth at the equator—which 
there is not because much of it would have to be in the sea: 

• A man walking 23 mi a day would take 3 years to get around. 

• In a car covering 280 mi a day he would take 3 months. 

• While in a Concorde, covering, say, 20,000 mi a day, he 
would get back to where he started in the same day, in 14 hours. 

How much Earth to live on 

More than two-thirds of the land on Earth lies north of the 
equator, of which the continent of Asia accounts for one-third. 
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This does not include Europe, which is part of the same land- 
mass. There is really not much to America. In fact the whole of 
the North American continent could be fitted into Asia, with 
room to spare. 

The world’s largest desert, the Sahara, is as large as Europe. 
It is also larger than the next nine largest deserts combined. This 
partly explains why half the available land on Earth is unin¬ 
habitable. Besides deserts, more than half of the rest of the 
Earth’s dry land cannot be cultivated. 

It follows that just under half the people on Earth live on one- 
thirtieth of the dry land available. 

Changing ground 

The Sahara has not always been a desert. When much of 
Europe was covered with ice, 20 million years ago, cool winds 
brought rain to North Africa and what is desert today was then 
fertile land covered with forests, lakes and grass. 

There are still signs of these prehistoric times in the desert; 
flint arrowheads and grinding stones that were used to make the 
wild com that once grew there into flour show that more people 
lived in the region once than live there today. Even as recently as 
Roman times, Libya, which today is largely an arid land, was 
the great supplier of grain to the Roman world. 

What’s left to live on 

Ice, mountains, forests and deserts occupy so much of the 
surface of the Earth, that there is not much dry land for people to 
live on. It follows that the human race has become concentrated 
in certain areas. 

Today half of the people on earth live in just four countries: 
China, India, the USA and the USSR. The other half lives in 
more than 160 different countries. 

One quarter of the world’s population lives in China. That is 
to say, one in four people on this planet are Chinese. 

In terms of area, the largest country on Earth is the USSR, 
which covers one-sixth of the land surface of the globe. Stretch- 
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ing across the north of Asia and into Europe, the country is so 
large that it spans eleven time zones, that is to say: when the 
clocks in Moscow are showing 1:00 P.M., in Anadyr, at the 
other end of the country, it is 11 P.M. 

Within the great area of the Soviet Union, 40 percent is 
forest, representing 25 percent of all the forest area on Earth. 


High and low 

• The highest capital city, La Paz, is in Bolivia. It is situated 
11,916 ft above sea level. 

• The largest area of high land is in Tibet, which is at the average 
altitude of 16,000 ft with an area of 77,000 sq mi. 

• On the other hand, no part of the Republic of the Maldives in 
the Indian Ocean is higher than 12 ft above sea level. 

• The Dead Sea area in Israel is 1,200 ft below sea level. 

• The Grand Canyon in Arizona is over 5,000 ft deep in places, 
but its bottom is nevertheless above sea level. 

• Of all the high mountains, Mount Everest is the highest if one 
measures it, as it is reasonable to do, from a base of sea level. 

If one, however, measures a mountain from its base to its 
summit, Mt. Mauna Kea in Hawaii is taller. The summit of this 
mountain only stands 13,796 ft above sea level, whereas Mt. 
Everest rises 29,028 ft. 

But the base of Mt. Mauna Kea is 19,087 ft below sea level. It 
can, therefore, be argued that its total height is more than 4,035 
ft taller than Mt. Everest. 

It may similarly be pointed out that the world’s longest 
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mountain range is not the Andes or the Himalayas, but the Mid- 
Atlantic Ridge, which stretches south from Iceland for a length 
of 10,000 mi. Only rarely do the peaks of these mountains break 
the surface of the ocean. The Azores, islands off the coast of 
Portugal, one-third of the way from Europe to America, are one 
of the few places where they can be seen above the water. 
Nevertheless, the tallest of these is over 29,900 ft high from the 
bottom of the ocean. 
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ELEMENTS 



Gold, the noble metal 

Gold has been prized for many centuries. It was prized by the 
ancient Egyptians who recognized its virtues. It does not tar¬ 
nish, it is soft as metals go, and can readily be converted by the 
goldsmith into objects of use and beauty. 

At the very beginnings of what, later on, became chemistry, 
the Egyptians discovered five other metals. The first of these 
was probably copper and the others were silver, tin, lead and, 
later on, iron. But before chemistry properly came into exis¬ 
tence, there was alchemy. 

The alchemists found that malachite, a greenish rock, could, 
by smelting, be made to yield metallic copper. They tried, 
therefore, by similar means to turn other rock, tin, lead or 
copper, into gold. 

But because they had no systematic idea how this could be 
done, they wasted centuries of effort trying to make gold. 
Mixtures of gold, mercury and iron ore were compounded with 
alum, cinnabar and horse manure or with coal and egg yolk. 
And there were even more peculiar recipes. But all in vain. 

• Gold is rare and beautiful. It does not rust or stain. 

• Less than an ounce of gold may be won from 2 tons of gold- 
bearing rock. 
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• Gold is the sixteenth rarest element in the world. 

• If all the gold that has been produced in the last five hundred 
years were melted to form a single cube, each side would only 
measure 47 ft. 

• Pure gold is so soft a metal that it can be molded in one’s 
hands. Because of this softness, jewelers mix a variable propor¬ 
tion of copper with it, measured in terms of “karat,” to give it 
added strength. 

• The softness of gold allows it to be beaten into thin foil for use 
in gilding or drawn out into fine gold thread. An ounce of pure 
gold can be beaten into a sheet 11 sq yds in area or drawn into a 
fine wire 50 mi long. 

• Before the Spanish conquest of South America, the Incas of 
Peru used gold for everyday objects, such as nails, combs, 
eyebrow tweezers, plates, dishes and cups. Today we use iron, a 
metal of which they had no knowledge. 

Diamonds 

Diamond is also precious because it is rare and beautiful and 
because, unlike gold, it is very hard. What is curious about a 
diamond, however, is that it is one particular crystalline form of 
the element “Carbon.” 
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Carbon commonly occurs as charcoal and is the main com¬ 
ponent of coal. It is also common, combined with oxygen as the 
carbon dioxide which is breathed out by both ourselves and our 
cars. Rare crystalline carbon, appearing as diamond, can also 
be made to combine with oxygen. 

Bum up a diamond in an electric arc and it will disappear as 
carbon dioxide in a puff of smoke. 

From alchemy to chemistry 

By the seventeenth century, the confusion of alchemy began 
to be overtaken by the clear scientific thinking of chemistry. The 
unproved dogma that all the different stuffs on Earth were made 
of varying proportions of the four “elements,” earth, air, fire 
and water, began to be abandoned. 

As the years went by, it became clear that air was not a single 
“element,” but was a mixture of what we now call oxygen and 
nitrogen with smaller amounts of carbon dioxide, water vapor, 
helium and other rare gases. 

Water too was shown not to be an element but a compound of 
two parts of hydrogen and one part oxygen, later written H 2 0. 

When John Dalton demonstrated that chemical combinations 
took place invariably in unit numbers, with fixed numbers of 
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atoms of one element combining with fixed numbers of other 
elements, modem chemistry had begun. 

An atom is a minute particle but, small as it is, it is made up 
of other particles, called protons and electrons, which form the 
nucleus at the center of the atom, and even smaller electrons, 
that revolve around the nucleus. 

To obtain an idea of the scale of these particles, it is useful to 
compare an electron with a basketball. If an electron were as big 
as that, the basketball would be as big as the sun. 

Similarly, if a glass of water were enlarged to the size of the 
earth, each of the molecules of H 2 0 would be the size of an 
orange. 

It should be noted that there are as many molecules in a 
spoonful of water as there are spoonfuls of water in the Atlantic 
Ocean! 

How many elements? 

The commonest metal present in the Earth’s crust is alumi¬ 
num. It does not exist free on its own but occurs in chemical 
combination with a number of other elements. It was only in 
comparatively modem times that a means of separating out 
aluminum ores became possible, using an electric furnace. 

By 1830, fifty-five different chemical elements had been 

<• 

distinguished. Only by 1869 had the Russian chemist, Dmitri 
Mendeleev, codified these various elements according to their 
properties and their chemistry into what he called the Periodic 
Table of Elements. Mendeleev’s genius was to see that there 
were gaps in his table which implied that there were still other 
elements to be discovered. 

By the end of the nineteenth century, Mendeleev’s table was 
completed. Today the periodic table of elements contains 107 
known elements. When Mendeleev produced his first table only 
65 were known. 
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How many compounds? 

The rocks of the Earth and the gases of the atmosphere 
provide the ingredients out of which inorganic chemists can 
today construct all the many compounds which are available for 
our use. 

Wood and plastic, plants and animals, humans and all our 
parts and motions are part of organic chemistry, the chemistry 
of living things. 
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FISHY BUSINESS 



Whales 

There have been very large prehistoric land creatures in the 
past, all of which are now gone. The largest animal that ever 
lived, however, is still alive. This is the blue whale. It survived 
as a sea animal because its great weight was effectively reduced 
by being supported in sea water rather than having to be moved 
about on dry land. 

Besides its immense size, enabling it to grow to a length of 
100 ft, it also possesses a number of curious characteristics. 

Rate of growth 

Within a year from the time a blue whale is newly conceived 
as a fertilized egg weighing a few ounces, it has become a 
young blue whale weighing 49 tons. This means that it has 
multiplied its starting weight by 30,000 million times. This is a 
faster rate of growth than any other living creature. 

Holding breath 

Although they spend all their lives in the sea, whales are 
mammals. They are warm-blooded animals which breathe air. 
And they possess a remarkable ability to hold their breath. For 
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example, a bottle-nosed whale has been recorded diving to a 
depth of 3,000 ft in two minutes. Sperm whales can dive over 
10,000 ft deep and remain at that depth for two hours before 
having to come up for air. 

Looking from side to side 

A curious feature about a sperm whale is that it possesses an 
extraordinarily large head which represents a quarter of its total 
length and a third of its total weight. As in all whales, its 
eyeballs are fixed. This means that the animal has to move its 
whole body whenever it wants to change the direction at 
which it is looking. 

Blue whales’ food 

The blue whale, the largest creature on Earth, lives on some 
of the smallest, the tiny plankton that are found floating in the 
water of the oceans. The huge mammal can go for six months 
without eating, surviving on its blubber for all of that time. 

The whale’s heartbeat 

Our own hearts beat at around 70 times a minute. The heart of 
a whale, which has to pump warm blood all through its colossal 
body, beats at only nine times a minute! How remarkable it is 
that this great creature evolved to fit the conditions in the wide 
seas in which it lives. 

The giant squid 

The giant squid is a cold-blooded animal. It is not a fish and 
has no backbone. There are perhaps two reasons for describing 
it here: like the whale, it grows very large, and its only enemy in 
the sea is the sperm whale. 

Giant squids have been recorded up to 47 ft long. Their eyes 
are large, each one twice the size of a soccer ball. Squids never 
stop growing. It follows, therefore, that the longer they live, the 
bigger they become. 
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Sharks 

Many reports have been made of the ferocity of giant squids 
that possess ten tentacles and octopuses that possess eight. But 
the sea creature with the worst reputation for savagery is a 
fish—the shark. This reputation is largely undeserved. Only a 
few of the different types of shark attack people at all and those 
that do kill remarkably few people. 

It is interesting to note that three times as many people are 
killed by lightning each year as are killed by sharks. Even more 
remarkable is the fact that each year one hundred more people 
die from being stung by bees than by being eaten by sharks. 

• The so-called “man-eating” shark, the great white shark, is 
one of the sea’s greatest survivors. 

• It has no natural enemies. Even killer whales avoid it. 

• It never becomes ill, as it has an immunity to all known 
bacteria that affect other fish. 

• It is able to survive brain damage better than any other known 
animal. 

• It has teeth that are as hard as steel. 

• It is always hungry. No matter how much it eats, the great 
white shark always seems to be ready to eat more. 

• It grows to a length of 16 ft or more. 

There are other killer sharks besides the great white shark. 
Among these, the mako is one of the fiercest. On the other 
hand, many sharks live on small fish. The largest shark of all 
lives on plankton. Like whales, the whale shark lives by con¬ 
stantly straining plankton through its mouth. On this diet, it can 
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grow to a length of 58 ft with a weight of over 44 tons. Its skin is 
tough and up to 1 in thick, enabling it to survive attacks by other 
fish and to resist harpoons. Many live 100 years. 



Electric eels 

Size, pointed teeth and thick skin are not the only means by 
which fish survive in the sea. The electric eel, for instance, can 
use over half its body to generate 400 volts of electricity to 
defend itself and to stun its prey. There are, in fact, about 500 
varieties of fish capable of generating electricity. Many of these, 
including the electric eel, use the current they generate as a type 
of radar. 

Although the electric eel is bom with eyes, it is blind by the 
time it becomes an adult and it uses its electricity both to find its 
food and attack it. 

The archer fish 

The archer fish uses a blow-pipe to catch its food. It stays 
quietly under the surface of a river or a lake watching for insects 
skimming the water. When it sees one within range, it fires a jet 
of water at it. This knocks it into the water where the fish catches 
and eats it. The power to shoot a jet of water is produced by the 
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fish pressing its gills together 
and forcing the water through a 
narrow hole in its mouth. 

The angler fish and the lantern fish 

The angler fish catches other fish by attracting them to the 
light it suspends on the end of a 44 rod” in front of its mouth. The 
prey swims towards the light and into the angler rish’s mouth. 

The lantern fish has a similar glowing spot on its head which 
acts like a headlight when it is swimming in dark water. The 
light it can produce is so powerful that when it is swimming in 
an aquarium in a dark room it produces enough light to allow a 
spectator to read a book by it. 

The remarkable feature about the angler fish and the lantern 
fish, as well as the electric eel, is the way in which energy can 
appear in different forms. 

Chemical energy can be changed into mechanical energy 
when animals—and people—move about. Or it may be con¬ 
verted into heat. 
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We all change some energy into electricity. This is what 
doctors record with the electrocardiograph, the machine they 
use to measure heartbeats. Electric eels exaggerate this effect by 
being able to convert much more of their energy into electricity. 

There are all sorts of creatures capable of converting energy 
into light. This is called bioluminescence. The angler fish and 
the lantern fish take special advantage of this to assist in their 
survival. Curious, isn’t it? 

Camouflage 

Survival in the sea is not necessarily a question of one fish 
being able successfully to attack another. Camouflage can allow 
a fish to be hidden and to choose when to attack and when 
not to. 

One of the most remarkable fish in this respect is the plaice 
which can lie on a chessboard and reproduce the pattern of 
squares on its back. 



Perhaps more remarkable still, is the ability which plaice, 
flounders and other flat fish have evolved. It enables them to lie 
concealed on their side on the bottom of the sea and watch what 
is going on above them with both eyes. When they are young, 
these fish, like all others, have one eye on each side of their 
heads, but as they grow up, one eye moves around until their 
two eyes are both on the same side! 
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Multiplication the hard way 

There are plenty of eels, though their life cycle is very 
unusual. All freshwater eels hatch out in the Sargasso Sea in the 
Atlantic where the water is warm and there is ample food for 
them. 

From there the European eels migrate along the Gulf Stream 
and eventually reach the mouths of European rivers, where the 
males remain awhile. 

The female eels, however, swim upstream. If they have to, 
they jump up waterfalls and even wriggle overland if the 
obstructions in the water are too difficult, until they reach their 
destination in small lakes and ponds. 

Here they stay for 10 to 15 years. At the end of this time, when 
they are full grown, they travel all the way back to the sea again, 
where the males have been patiently waiting for them. Together 
they swim back to the Sargasso Sea, in the middle of the warm 
Atlantic, where they spawn and die. 

The differing roles of male and female fish are not always as 
sharply defined as they are in eels. 

Both the male sea horse and the male pipefish give birth to 
their babies. They have a pouch in which they carry eggs that 
are implanted by their females. 

Things are even stranger with the black sea bass. Most of the 
young ones are females. When they are five years old, however, 
many of them change sex and become males. 

Efficiency 

Dolphins’ tails are more efficient than ships’ propellers and a 
dolphin consequently uses less energy in proportion to its 
weight to cruise at a chosen speed than a ship does. 

In this connection, it is worth noting that a human thigh is a 
more efficient machine than a diesel engine. 

The tuna can swim very long distances at a steady rate of 10 
mph without stopping. By the time it is 15 years old a tuna may 
have swum 1 million mi. 
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The hump-backed Whale, the world’s largest migrant, may 
travel up to 4,000 mi in a year. 

Lobsters off the southeast coast of the US form long lines in 
the spring, holding each other by the tail, and set off across the 
ocean floor to the waters around the Bahamas. 



to, however, it can survive out of water, for three 
years. 

If a starfish is cut into a number of pieces, each piece will 
grow into a complete starfish. 
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GENIUS 



Calculating prodigies 

Jedediah Buxton, who lived in eighteenth century England, 
. had no education and yet could perform great feats of mental 
arithmetic. Over one period of two months he worked out in his 
head what would be the final sum if you doubled a farthing (!4 
of a penny) 140 times. His answer was a sum in pounds sterling 
consisting of 39 digits and a remainder of 2 shillings and 8 
pence. In another 2Vi months, he had calculated—again in his 
head—the square of the 39 digits number. 

To square a number is to multiply it by itself. To cube it is to 
multiply it by its square. More than a hundred years ago, 
another prodigy, Zerah Colburn, calculated in his head the 16th 
power of 8. That is 8 multiplied by 8 sixteen times. The answer 
was 281,474,976,710,656. 

Colburn on another occasion was asked to calculate the tenth 
power of each of the digits from 2 to 9. He did this so fast that the 
man recording the answers had to ask him to slow down because 
he couldn’t keep up. 

George Bidder lived at the same time as Colburn and they 
often appeared on the stage together in mental arithmetic 
matches. Bidder usually won. He started appearing in public 
v/hen he was 9 years old. One of the questions he was asked was 
to calculate how long it would take for the sound of the Battle of 
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Waterloo to reach the Moon, given the speed of sound and the 
distance from the battlefield to the Moon’s surface. In under a 
minute Bidder came back with the answer, 21 days, 9 hours and 
34 minutes. This, of course, is good arithmetic but bad science 
because, since sound is transmitted by air and there is no air at 
the Moon, the battle would never be heard there. 

Sir William Herschel once asked Bidder to work out the 
distance from Earth to a star from which it takes light 6 years 
and 4 months to reach us. After a minute or two’s thought, 
Bidder calculated that the star was 40,633,740,000,000 mi 
away. 

Another such arithmetical prodigy, a German, Johann Dase, 
who succeeded Colburn and Bidder, took only 54 seconds to 
multiply 79532853 by 93758479. In 6 minutes he multiplied in 
his head 2 twenty-digit numbers. Two numbers twice that length 
took 40 minutes. And after thinking for 8 hours 45 minutes he 
multiplied together two numbers each containing 100 digits. 

All this is genius of a sort because it needs a very special and 
superior type of intellect to achieve such feats. True genius is, 
however, something different. 

Original thoughts and discoveries 

In 1665, Isaac Newton, then 23 years old, had left London to 
avoid the plague. He was turning over in his mind die possible 
reasons why the Earth and the planets travel around the Sun in 
the orbits they follow and what keeps the Moon traveling around 
the Earth. 

Sitting in his uncle’s orchard, his attention was attracted by an 
apple falling off a tree. In a flash of imaginative thought it struck 
him that the force pulling the apple down as it fell—the force of 
gravity—was the same force that held the Moon, the planets 
and the Earth itself, in their unvarying paths. 

The Laws of Gravity were not enough for Newton’s genius. 
We owe also to him much of our understanding of the laws of 
optics and the nature of light, and the branch of mathematics that 
comes from his conception of calculus. 
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In the middle of the nineteenth century, a young Frenchman, 
Louis Pasteur saw what no one had noticed before: that crystals 
at the bottom of a wine barrel were not symmetrical in shape. 
Like left-hand gloves, they were all shaped on the slant. He had 
the imaginative insight to figure out that the process of wine¬ 
making, whereby grape juice turns into wine, was a living 
process. 

It also occurred to him that the tiny rods he saw in sour 
wine—which other people had seen through their microscopes 
but not noticed—were living things too which made the wine 
sick. And because he was a genius he thus launched the germ 
theory of disease. 
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Einstein, at the beginning of the twentieth century, is perhaps 
one of the most striking examples of genius. Early in life he held 
ordinary jobs as a teacher and as a patent examiner in 
Switzerland. But during this time he was conceiving the quite 
original theory of relativity. The mathematics of the theory are 
complex, the practical implications diverse, but the principle, 
once it had been thought of—and that’s the genius—is simple. 

As you stand still in the corridor of a moving train you 
bounce a ball. It goes up and down, doesn’t it? But you are not 
standing still. The ground you are standing on moves around as 
the Earth revolves. And the Earth is not still either. It is going 
around the Sun. All things move. 

What then is the fixed base relative to which our measure¬ 
ments should be made? The answer is a curious one. The only 
fixed unit seems to be the speed of light. It took a stroke of 
genius, the imaginative creation and original thought of Albert 
Einstein, to make this observation. 
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HEAVENS 

ABOVE 



The empty universe 

If we look up at the sky on a clear night, it is dotted with 
stars—tiny pin-pricks of light that reach out to us across time 
and space. If you count the stars that you can actually see with 
your eyes, the number would only be about 3,000. You can see 
these because they are fairly close to the Earth or because they 
are particularly bright: To see more stars you have to use a 
telescope and to “see” the most distant stars in the universe a 
very powerful radio telescope is needed. 

Even this part of the universe, the observable part, about 
which we do know a certain amount, represents only a fraction 
of the universe as a whole. This universe has a diameter of an 
estimated 620,000,000,000,000,000,000,000 mi or, put it an¬ 
other way, a diameter that can cover two and a half times as 
many light-years as there are people on Earth. 

Within all this space, the universe is very empty. To get some 
idea of how little matter there is, in comparison with the space, 
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imagine a warehouse 20 mi long, 20 mi wide and 20 mi high 
that contains just one grain of sand. This is how empty the 
universe is. And in this universe, the Earth, which seems so 
large to us, is an insignificant speck. 

Numbering the stars 

The Solar System, of which the Earth is a part, is a fragment 
of a much larger unit, a galaxy. The galaxy to which we belong 
is the Milky Way, which contains hundreds of thousands of 
stars, of which our Sun is one. Astronomers reckon that there 
must be between 100,000,000,000,000 and 1,000,000,000,000 
galaxies in the universe. If these estimates are right, there must 
be at least 100,000,000,000,000,000,000,000 stars in the 
known universe. 

All these galaxies and the stars in them are on the move. They 
are all traveling away from each other, some so fast as to 
approach the speed of light. Modem telescopes allow us to look 
at galaxies that are 4,000,000,000 light-years away. The instru¬ 
ment of the future will let us look even further out into space. 

Although our own galaxy is not a particularly 
big one, it would take 100,000 light-years to 
cross it from side to side. In fact, the Sun takes 

200,000,000 years to make one complete 

/* 

swing around its center. 

In view of the great distances involved, the 
light which we see shining from the stars in the 
sky has sometimes taken millions of years to 
reach us. 

There are, however, nearer stars. The light 
from the Crab Nebula started towards us 4,100 
years ago, when the civilization of ancient 
Egypt was flourishing on the banks of the Nile! 
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The Sun 

Our most important source of light is, of course, the Sun, 
which is, of all stars, the one nearest to us. The Sun is over 100 
times larger than the Earth. At the center of the Sun the 
temperature is reckoned to be between 10,000,000°C and 
20,000,000°C. 

The Earth receives about 1/2,000,000,000th of the Sun’s 
energy. Sometimes the nuclear activity of the Sun’s interior 
causes its surface to erupt into gigantic flames or solar flares that 
shoot out into space for distances greater than that between the 
Earth and the Moon. 

So great is the energy, the heat and light, released by the Sun 
that if all of it came to the Earth instead of the tiny amount we do 
receive, the amount falling on this ■ spot on the Earth’s surface 
would equal the energy value of all the food and fuel of 30,000 
people! 
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The Solar System 

In the early days of astronomy, people believed that the Earth 
stood still, with the Sun and the planets revolving around it. It is 
true that Aristarchus of Samos, who lived two and a half 
centuries before Christ, thought otherwise, but it was not until 
Copernicus published his observations in 1530 that the present 
ideas about the Solar System were generally accepted. 

Jupiter 

Jupiter is the largest of the nine planets revolving around the 
Sun. It is so large that all the other planets could be fitted inside 
it. It has a circumference 11.2 times that of the Earth. 

Days are shorter on Jupiter than they are on Earth since it 
makes one complete revolution on its axis every 9 hours 55 
minutes. A strange feature of Jupiter is that it has a red spot on 
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its surface. This spot is over 25,800 mi wide and is thought to be 
the center of a violent hurricane that has been whirling for at 
least the last 700 years. 

Mercury 

Mercury, the smallest of the planets, has the peculiar feature 
of having a day twice as long as its year. That is to say, it takes 
Mercury a little less than 88 days to revolve around the Sun, 
giving a year of 88 days. However, since Mercury takes 176 
days to revolve once on its axis, a single day is twice as long as a 
Mercury year. 

Venus 

Venus is the planet nearest to the Earth. It passes between the 
Earth and the Sun every 584 days. During the interval between 
one passage and the next, Venus rotates five times on its axis. 
This rotation is so exact that whenever the planet passes we 
always see the same face. Astronomers are perplexed as to why 
this should be so. 

Mars 

Neither Mercury nor Venus has any satellites of its own. 
Mars, however, has two moons, Deimos and Phobos. Deimos 
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rises and sets twice a day. But Phobos is so close to the surface 
of the planet that it is invisible from the planet’s poles. 

Mars is the planet most like the Earth. At its closest, it is only 
34,090,000 mi from the Earth. 

Recent exploration with space rockets shows that there are 
four times as many craters on Mars as there are on the Moon. It 
was also found that afternoon temperature on Mars reaches 
26.6°C (80°F) while at night it can fall to -123.3°C (- 190°F). 

Pluto 

Pluto, one of the coldest planets, is so far away that if it were 
possible to stand on Pluto, the Sun would only have the bright¬ 
ness of the pinpoint of light that Venus possesses in our night 
sky. 

The one moon of Pluto was first observed in 1978. This moon 
follows an orbit around Pluto at exactly the same speed as the 
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planet revolves. To anyone standing on the surface of Pluto, the 
moon would always appear to be in the same place in the sky 
and those who happened to live on the other side of Pluto would 
never see the moon at all. 

Neptune and Uranus 

The planet Neptune was discovered in 1846 as a direct result 
of mathematical computation. After watching some unex¬ 
plained movements of Uranus, which indicated that it was being 
affected by the gravitational pull of some unknown planet, two 
astronomers calculated where this unknown planet should be to 
affect the orbit of Uranus. They gave their findings to a third 
astronomer, and in less than an hour, he had located Neptune. 
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I MUST 60 DOWN 
TO THE SEA 


How much water? 

• Over 70 percent of the surface of the Earth is covered with 
water. The Pacific Ocean alone covers a greater area than all the 
dry land on Earth put together. 

• If the surface of the Earth was flat and if all the water of the 
seas was evenly spread over it, it would be covered to a depth of 
8 ft. 

• In spite of the large amount of water there is, its total weight is 
only 0.022 percent of that of the Earth. 

• There is 3%Yi times as much salt water on Earth as there is 
fresh water, and most of the fresh water is frozen around the 
North and South Poles. 

• If all the water in the oceans was shared equally among the 
world’s population, each one of us would have enough to fill 80 
Olympic-sized swimming pools. 

• The largest ocean, the Pacific, is three times the size of the 
largest continent. The shortest crossing from one side to the 
other is 10,800 mi. The great size of the Pacific is apparent when 
looked at from the island of Tahiti around which half the area of 
the world is filled with water. 
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How much ice? 

Although there is a great deal of water in the world’s oceans, a 
considerable amount more is locked up as ice. It has been 
calculated that if all the ice in the Antarctic was melted, the level 
of the world’s seas would rise by 238 ft and a quarter of the dry 
land would be submerged. 



Salt water 

Not all the salt water on Earth is found in the oceans. The 
world’s largest landlocked area of water, the Caspian Sea in 
Asia, is salty but only two-fifths as salty as the oceans. The 
Caspian covers an area of 143,500 sq mi and is fed by the River 
Volga. Because it has no outlet, deposits of salt accumulate. 

The Dead Sea in Israel also accumulates salt. It is, however, 
far saltier than the Caspi an because so much of its water evapo¬ 
rates in the heat, leaving the salt behind. The water in the Dead 
Sea is so salty that it is almost impossible to drown in it. The salt 
increases its buoyancy so that it actually becomes difficult to get 
under the surface. 

Waves 

As a wave travels across the surface of the sea, it would 
appear that the water of which it is composed is being trans¬ 
ported towards the shore. In fact, this is not so. Separate pieces 
of water travel forward very little. The appearance of motion is 
produced by their moving up and down in sequence. 

Violent movements of the ocean floor set up huge waves 
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called tidal waves or tsunami that may move at almost 500 mph 
and reach a height of 250 ft. 

Possessing such size and speed, they can destroy whatever 
they strike, especially houses on islands and coastal regions. 
When a tsunami is about to strike, the water of the sea will 
recede for several miles as it is drawn up into the wave before 
being pounded back onto the shore. 
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How deep is the ocean? 

The average depth of the oceans is about 
13,000 ft below sea level. From the bottom of 
the deepest ocean, which is the Marianas 
Trench in the Pacific, to the top of the highest 
mountain, Mt. Everest, is about 12 mi. 


Rivers in the ocean 

The outpouring of fresh water from the mouth of the Amazon 
River is so great that even when it enters the Atlantic it continues 
to flow as a stream of fresh water within the salt water of the 
ocean. Up to 100 mi it is possible to scoop up a cup from the 
Atlantic with drinkable fresh water in it. 

From the Gulf of Mexico, a stream of warm water flows near 
the coast of Florida and then across the Atlantic, bringing its 
warmth to the shores of western Europe. This is the Gulf 
Stream. 

The Gulf Stream once played an important part in navigation 
during the days of sails. Some captains were able to voyage 
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from America to Europe in two weeks less time than others. 
They did this by taking advantage of the flow of the Gulf 
Stream. 

Benjamin Franklin, the famous scientist and statesman, 
charted the course of the Gulf Stream. A similar stream in the 
Pacific Ocean, the Humboldt Current, was charted by the 
German explorer Baron von Humboldt. 




The Gulf Stream can be so clearly defined as 
it makes its way through the colder Atlantic 
waters that the bow of a ship entering the stream 
will sometimes be as much as 18°F warmer than 
the stern which is still passing through the 
colder waters. 
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All of time past 

The age of the Earth is about 4,700 million years. If we 
assume that that period of time were a single year, one day 
would become about 10 million years of history, an hour 
400,000 years, a minute 7,000 years and a second 120 years. 
Let us now imagine that it is New Year’s Eve, December 31st, 
the time just before midnight and the clock is chiming the last 
strokes of twelve. What would we remember when we looked 
back at the year past? 

• There were no signs of life on Earth until May, when the 
earliest forms of algae appeared. 

• A short time later, in early June, the earliest bacteria came into 
being. 

• We then had to wait until the second week in December for the 
first animals with backbones, the vertebrates, to appear. 

• A week later, the mammals made their first appearance on 
December 25 th. 

• Our most primitive ancestor appeared only 6 hours ago, at 
about 6 p.m. on December 31. 

• There have been four separate Ice Ages during the last hour, 
the last of which reached its peak 13 minutes ago at 11:47 p.m. 
and ended only Wi minutes ago. 

• Barely one minute before midnight Homo sapiens , people 
like us, painted their first pictures on the walls of their caves. 
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• Only while the clock has been striking twelve has most of 
recorded history taken place. Columbus discovered America as 
the eighth stroke sounded: 2Vi seconds later, the French Revolu¬ 
tion took place and Vi second after that the Civil War broke out. 

• The airplane, the space rocket, the computer, the electric 
food-mixer and all the rest of the artifacts of our technological 
age have all come into being in the dying second of the old year. 

The measurement of time 

From early in history, a year measured from midwinter to 
midwinter and was an obvious unit of time, as was a day. A 
week, however, was a more artificial unit. We rule that a week is 
7 days. But in ancient Mesopotamia a week was 6 days and in 
West Africa it was 4 days. The French, building a new world 
system as part of their Revolution, proposed a 10-day week. 

Since the Moon takes approximately 28 days to revolve 
around the Earth, it provided a straightforward method of 
dividing the year into months. 

However, in some areas, it seemed better to divide the year 
into two seasons, wet and dry. Other societies used the blossom¬ 
ing of certain trees as markers. 

Counting the hours 

Dividing the day into 24 hours has not always 
been done. Many societies simply divided the 
day into two parts—night and day. Others split 
up the day into units of time named after the 
work they did at that hour, or the position of the 
sun in the sky. 

One tribe in South Africa, the Thonga, di¬ 
vided the day according to how warm it was. 
Their divisions were: cool-dawn, sun-piercing, 
sun-burning, sun-middle-of-the-sky, sun-goes- 
cooler, sun at horizon. 
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Even with the division of the day into 24 hours, there was still 
variation in the length of the hours. 

For example, when the system involved 12 hours of darkness 
and 12 hours of daylight, these hours could not be equal because 
the period of darkness was longer in the winter than in the 
summer. The Egyptians had shorter hours in the early morning 
and late afternoon than at midday. 

Time and navigation 

The great navigators of the fifteenth century onwards, the 
Spanish and Portuguese, the Dutch and the British, succeeded 
in discovering America and much more, but had great difficulty 
finding out where they were. 

Latitude can be determined by measuring the altitude of the 
sun. Longitude was the problem. 

In order to calculate longitude, a navigator needed to know 
the time at midday in relation to midday at some fixed point, 
usually Greenwich, England. A pendulum clock is no good in a 
ship. An accurate spring-operated clock or watch was required. 
Joseph Harrison constructed the first of the chronometers, 
which provided an accurate means of telling the time in a ship, 
so that a navigator could be certain of reaching his destination. 
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Now the ticking has stopped 

How curious to think that after 600 years of mechanical 
clocks, their usefulness is over! Quartz digital clocks and 
watches make use of crystal vibration to measure time with an 
accuracy previously impossible. 

Even more accurate time measurement can be achieved with 
a so-called atomic clock which makes use of the atomic vibra¬ 
tions of the element caesium . By this means an accuracy to 
within 1 second in 150,000 years can be reached. 


65 



KRAKATOA 
TO MT. ST HELENS 


It is easy for us who live on the surface of the Earth to forget 
that the crust of the globe on which our cities stand is only the 
eggshell (as it were) surrounding the molten interior on which 
the continents float. Here and there are weak spots in the shell 
through which the red-hot liquid from below may break 
through. When it does, there is a volcanic eruption. 

Krakatoa 

In 1883, the island of Krakatoa off Southeast Asia exploded. 
The eruption was so great that the sound was carried over one- 
thirteenth of the Earth’s surface. 

A coastguard 3,000 mi away across the Indian Ocean heard 
the roar of the eruption four hours after it had taken place. This 
was how long it had taken the sound to travel that distance. 

The force of the eruption blew rocks 34 mi up into the air and 
ten days later dust from the explosion landed 5,300 mi away. As 
time passed the dust spread over the greater part of the Earth’s 
surface. The sunsets for the following two years were made 
spectacular by the different colors of the sunlight shining 
through the dust that had reached into the upper atmosphere. 

The eruption of Krakatoa also set up tsunami , huge waves, 
between 40-45 ft high. These swept along the coasts of the 
islands nearby, killing over 36,000 people. The island of Kra- 
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katoa itself, which had formerly risen as a cone 1,300 ft high, 
disappeared and was replaced by a chasm 900 ft deep. 

Mt. St Helens 

The eruption of Mt. St Helens near the border of Oregon and 
Washington State took place in May, 1980. This eruption was 
far less violent than the eruption of Krakatoa 97 years earlier. It 
claimed a number of victims, however, and even though it had 
been anticipated it took observers by surprise. 

Over 200 sq mi were laid waste by the blast which shot out 
from the side of the mountain. The top 1,200 ft of the mountain 
was blown to pieces. The resulting mudflows blocked rivers 
and streams, changed the shapes of lakes and destroyed farm¬ 
land and forest. 

Meanwhile, the clouds of ash swept across two states. Nearly 
12 mi high, they blacked out the sun and brought a wave of 
choking, powdery dust that covered everything with grey ash. 


Paricutin 

Although the eruptions of both Krakatoa and Mt. St Helens 
caused major disasters, they were at least known to be active 

volcanoes. Some volcanoes, however, 
appear without warning out of the 
ground. 

In February, 1943, a farmer in Par¬ 
icutin, Mexico, plowing one of his 
fields, heard a strange rumbling and 
saw smoke coming from the ground. 
The following morning a heap of smok¬ 
ing ash had appeared in his field. Even 
in this short time it had grown to five 
times the height of a man. 
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By the end of a week it was 450 ft high and hot rocks, ash and 
steam were shooting from its summit. A volcano had grown up 
in the farmer’s field. 

The volcano continued to grow and, as it did so, red-hot 
molten rock—volcanic lava—poured down the sides. The lava 
ran in burning rivers and buried the village. 

A year later, the lava had buried a neighboring town and soon 
all that was left of it was the church tower sticking out above the 
layer of hardened rock. 



A new island is formed 

Twenty years later, in 1963, a curious happening took place 
near Iceland in the northern Atlantic Ocean. The crew of a 
fishing boat noticed smoke rising from the sea while they were 
fishing one day. As they watched, the top of a volcano appeared 
above the water. Again, red hot lava flowed out of the top and 
was cooled by the sea. 

Gradually a volcano built up until it became a small island. 
The volcano slowly cooled and when the rocks had lost the 
worst of their heat, sea birds landed on the island, some of them 
carrying seed. Some of these seeds germinated and grew in the 
ash on the island and soon plants were growing where only a 
short time before there had been waves. The new island was 
named Surtsey. 
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Mt. Vesuvius 

After having been quiet for some hundreds of years, the 
volcano on Mt. Vesuvius near Naples, in Italy, suddenly 
erupted on August 24th AD 79. The eruption happened so 
quickly and so unexpectedly that the people living in the nearby 
city of Pompeii were buried in dust and lava, and so they 
remained for hundreds of years. 

Archeologists have by now dug out much of the dust and 
lava. Underneath they have found the city and its houses just as 
they were on that day more than 1,900 years ago. 

Life in Pompeii was brought to such an abrupt halt by the 
eruption that the town appears today just as it looked then. 

In the lava, the diggers have found the ordinary utensils and 
crockery, the cooking pots, just as they were. The contents of 
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shops remained untouched. Houses and public buildings were 
preserved as they looked when the everyday life of the city was 
brought to a stop. 

Faults in the crust 

Volcanoes occur over faults in the Earth’s crust, lines along 
which two of the mighty plates that make up the crust meet and 
rub together. 

The Pacific Ocean is one of the most unsettled areas of the 
earth. It is ringed with 300 or more active volcanoes that lie 
above the continental plates. These volcanoes stretch from 
southern Chile all the way up the coast of South and North 
America as far as Alaska, then around through Japan and down 
through Asia and on to New Zealand. 
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LIGHTEN 
OUR DARKNESS 



Gaslight 

After the long centuries of oil lamps, candles and, for out¬ 
door illumination, flaring torches, the idea of gaslight was 
patented in 1787 in England. During the process of making tar 
by distilling coal it was noticed that together with the tar a 
considerable amount of gas was produced. This was ignited 
quite casually by the workmen to give themselves light to work 
by. 

Then in 1802, a Frenchman, organized a display of gas¬ 
lighting using gas distilled from wood. Various people took up 
similar ideas and by 1807 an area of London was lit by gaslight. 
Soon it was in use elsewhere. 

The gas mantle 

The early gaslight, though better than candles, had two 
disadvantages. It was smelly and the light was not very bright. 
The first problem was solved by clearing the contaminants out 
of the gas, and the second by the invention of the gas mantle. 

The hottest part of a gas flame gives no light at all; the light 
comes from the incomplete combustion of carbon particles. 
After prolonged research, a man named Welsbach made the 
discovery that if a mixture of two rare elements was heated in a 
gas flame, a brilliant light was produced. 
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Electric light 

The element in the electric lamp bulb that Thomas Edison 
invented was heated by the resistance it gave to the electric 
current forced through it. 

Several problems had to be solved. The first was to obtain a 
steady flow of electricity. To make an efficient dynamo a 
filament had to be developed. An Englishman named Joseph 
Swan, working at the same time, tried a thin carbon strip, 
Edison a cotton thread. 

Finally, there was the problem of producing a vacuum in the 
lamp bulb so that the filament would not bum up and be 
consumed. The early carbon filament bulbs of the 1880’s lasted 
for about 40 hours. Today a bulb can be made to last for 750 to 
1,000 hours. 

Fluorescent strip-lighting 

Tungsten-filament lamps with greater reliability came into 
use in 1911, and have survived to this day. After a life of 100 
years of use, we may see the end of incandescent filament 
electric bulbs altogether and their replacement by fluorescent 
tubes. 

Instead of having a filament heated white-hot and glowing 
inside a bulb, a fluorescent tube works by being filled with gas, 
through which a low voltage electric current is passed. The gas- 
filled tube is coated with a fluorescent powder which lights up 
when the electric current is passed from one electrode to the 
other. 

Much less energy is used as heat, so modem strip lights are 
much more efficient. With strip-lighting tubes being reduced in 
size to allow their being fitted in filament-bulb sockets, they 
may gradually replace the bulbs we currently use. 

Lasers 

The word laser is made up from the initial letters of Light 
Amplification by the Stimulated Emission of Radiation. 
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Light is a form of energy. In a laser, light waves are brought 
together in step with one another in such a way that a very 
narrow intense and powerful beam is produced. 

This objective was first achieved by Theodore Maiman work¬ 
ing in the US in 1960. He used a device in which light was 
passed through a ruby cylinder. The light was carefully selected 
to insure that it would be best absorbed by the ruby. The result 
was a concentrated narrow beam of light shining from the end of 
the cylinder. 



Such is the power of the concentrated beam of light energy 
that it can be used to cut through metal. In medicine it provides 
the surgeon with the means of cutting living tissues and thus 
performing minute operations with a high degree of accuracy. 

Luminescence 

Although fluorescent tubes are more efficient in their use of 
power, this efficiency is not very great. Glowworms and fire¬ 
flies convert chemical energy into light much more efficiently 
still. When we have learned to understand how they do it, we 
can expect our artificial light to be very much more efficient— 
and cheaper—than it is now. 
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MASS 

COMMUNICATION 


O 


The English Language 

Today English is the word’s second most commonly spoken 
language. It is spoken in some 34 countries and, worldwide, 
nearly 390,000,000 people use it. 

This number, is just over half the total number of speakers of 
the world’s commonest language, Mandarin Chinese, but a 
high proportion of those who speak Chinese stay at home in 
China and comparatively few people other than Chinese speak 
Chinese. 

The average English speaker uses a vocabulary of only 3,000 
words. But there are exceptions. A medical student may have to 
use as many as 10,000 words. And that is only a few of the 
414,825 in the dictionary. 

Alphabets 

The English alphabet, and most of the other major alphabets 
in the world, developed from the Phoenician alphabet which 
came into use about 3,500 years ago. 
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Other alphabets 

Not all languages are as simple as our own. The Cambodian 
alphabet has 72 letters. The Chinese languages have no alphabet 
at all, but use characters which originated from pictograms, like 
modem road signs. 

This system has one great advantage. People are able to read 
things written in a language different from their own. Pictogram 
written language represents ideas, unlike those written with 
alphabets which represent sounds. 

The major problem with this form of writing is, however, that 
you have to learn thousands of characters to be able to under¬ 
stand it. Those who aim to be able to read Chinese have to 
master over 1,000 characters 

A mulitiplicitv of languages 

The world’s largest country, the USSR, has 200 languages 
within its borders. 

It is commonly argued that a great number of languages 
within a fairly small area is a sign of a primitive civilization. 
There were probably 1,000 languages spoken in North America 
when it was discovered by Columbus, while there were proba¬ 
bly twice as many languages spoken in South America. 

Communication through space 

The conveyance of messages over a distance was developed 
to a high level of efficiency by the Persian monarch, Darius, 
2,500 years ago. He posted a series of men with loud voices on 
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the tops of a chain of towers or other vantage points to shout 
messages one to another. 

A chain of flares or bonfires has also been used to transmit 
some prearranged message. Such a system was used from 
England to Rome to summon the emperor Claudius to come to 
help his armies in England in AD 43. 

In parts of West and Central Africa, drums were used to send 
messages from one village to another. The drummers used high 
and low beats and various rhythms to convey different informa¬ 
tion and their signals could be heard as much as 10 mi away. 
American Indians did likewise. 

Telegraph and telephone 

Since 1758, people have known that messages can be sent by 
sending an electric pulse along a wire. But it was not until 1852 
that Samuel Morse had the bright idea of using a combination of 
dots and dashes as a code to represent the alphabet. So, an 
efficient telegraph system came into being. Then, in 1876, 
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Alexander Graham Bell, who was working on an idea for a 
“multiple telegraph,” invented the telephone. 

Today, in an age of instant communication, we can pick up a 
telephone and dial a number in virtually any part of the world. 
There are over 472,000,000 telephones in use. The US leads the 
field with 791 telephones for every 1,000 people. And soon after 
came Marconi’s discovery of the radio in 1896. 

The computer and the silicon chip 

We have entered the age of information technology. Informa¬ 
tion can be stored by a modem computer. If there is something 
you want to know, the computer can tell you if you ask it. 

There are two things that make all this possible: the first was 
the invention of the transistor and the second was the discovery 
of the way to make transistors exceedingly small—the silicon 
chip. Now the computer can be contacted by telephone. It can 
do what it is asked and send information back by telephone, 
either to a person or to another computer. 








IT 



MOM YOU SEE 


Television is a book 

A new way of communicating ideas and providing entertain¬ 
ment in the last 50 years has come into being. In 1936, the first 
public television service was initiated. At that time there were 
100 sets in England. By 1983, there were 18,450,000 sets in 
England and 84,800,000 in the US. 

People still read books and newspapers and, at the same time, 
obtain many of their ideas, their knowledge of events, then- 
exposure to new plays and new music by means of television. 

A library of books enables those who use it to choose what 
they wish to read, but a viewer of television can only watch what 
is provided. 

Widening the selection of programs 

Technical advances are now making it possible to widen the 
area of choice for television viewers. Recently, the remarkable 
discovery has been made that pulses of light projected by lasers 
can be used far more efficiently than pulses of electricity. When 
the light is passed along glass fibers which are combined into a 
cable, each fiber can carry 80 television programs. It follows 
that a cable made up of 12 fibers can carry about 1000 programs. 
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Direct from a satellite 

At the present time it is commonplace to 
build a rocket capable of carrying a satellite into 
space and placing it in any orbit that may be 
desired. 

Communications satellites designed to re¬ 
flect television programs projected from one 
part of the world down on to another are usually 
placed in a stationary orbit. This means that the 
satellite swings around with the Earth as it 
spins. 

Up till now, an elaborate radar dish has been 
needed to collect the program beamed down 
from a satellite. Now it is becoming possible for 
an ordinary household to fit a radar dish aerial 
on the roof to collect television programs from 
everywhere. It seems possible that the “li¬ 
brary” of programs provided by cable tele¬ 
vision may soon be expanded to include over¬ 
seas programs as well. 
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Reading and writing 

A computer has the ability to store information which can be 
called up for use with the appropriate signal. 

It is possible to link a computer to a television set. When the 
computer is given the signal (by you) it can supply the informa¬ 
tion on hundreds of topics through such systems. And more is 
on the way. It is possible to call up a supermarket, find out the 
prices of different commodities and order what is wanted for the 
house, all without leaving the armchair in front of the television. 

The changing television set 

There are several directions in which the television set is 
likely to change. First, the rather awkward “box” shape will be 
replaced by a slim, flat screen hanging on the wall. The Jap¬ 
anese are already working on this development. 

Secondly, the pictures on our new TV screens will be three- 
dimensional. People will not look flat. Also, if you cannot quite 
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see what is going on because the trunk of a tree is in the way, you 
will only have to move your head to be able to see around it. 

The technology behind this form of life-like television is 
already understood; all that remains is to perfect it. 

Essentially the process involves the use of holograms. These 
are three-dimensional pictures created by a laser beam and a 
system of mirrors which fix a three-dimensional picture onto 
photographic film. 

When a laser is shone through the film, the 3-D picture is 
reproduced. At present holograms can only be used with still 
photographs, but once the art of recording moving pictures in 
3-D has been mastered, 3-D television won’t be far behind. 
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OUR 

FEATHERED 

FRIENDS 


Using wings 

It is curious to find that, among the birds, the larger they are 
the less they use their wings. The smallest known bird, the 
hummingbird, beats its wings about 90 times a second. On the 
other hand, the largest bird on Earth, the ostrich, does not use its 
wings to fly at all. 

Ostriches 

The largest ostriches grow to a height of 17 ft and weigh 
340 lbs. They have wrongly been given the reputation for 
cowardice, because it was believed that they bury their heads in 
the sand when an enemy approaches. In actual fact, an ostrich 
can fight very effectively and can inflict severe injuries with its 
clawed feet. Its legs, which make an ostrich a good fighter, also 
make it a fast runner. 

In South Africa, ostrich racing sometimes takes the place of 
horse racing. The birds can be trained to tear around a track 
carrying jockeys on their backs. 

As befits the largest bird on Earth, the ostrich lays the largest 
egg. One ostrich egg has the same volume as two dozen hen’s 
eggs. Out of a single ostrich egg one could make an egg/omelet 
large enough to feed twelve people. 

To boil an ostrich egg all through would take 40 minutes, 
while to make it hard boiled it would need to be left in the 
saucepan for an hour and a half to cook. 
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Hummingbirds 

The hummingbird is the only bird that can fly backwards. In 
one day it uses in proportion to its size a little over 44 times as 
much energy as an average man. Its nest, the size of a thimble, 
is the smallest built by any bird. It lays the smallest egg, 
weighing one-sixtieth of an ounce and measuring less than Vi in 
long. 



Cuckoos and penguins 

Cuckoos do not look after their own young. They lay their 
eggs in other birds’ nests and have the ability to select foster 
parents which lay eggs of the same color as their own. 

Penguins, as distinct from cuckoos, take a great deal of 
trouble with their eggs. Emperor penguins lay their eggs in the 
frozen snows of Antarctica, up to 50 mi from the coast. 

Once the female has laid her egg, she returns to the sea, 
leaving the male to incubate it between his feet and his ab¬ 
domen. 

He stays there, keeping the egg at a temperature of 100°F 
above the atmospheric temperature. It isn’t until the female 
returns that the male can go back to the sea. This is usually not 
until four months later. During the whole of this time the male 
cannot eat. 

Nests 

At best;a penguin will build a rough nest out of stones. More 
often, however, it merely scrapes a hollow and crouches over 
the egg. 
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The Australian bush turkey builds an enormous nest which 
may weigh 5 tons. This it builds on the ground. 

The American bald eagle, however, builds a nest which may 
weigh 2 tons in a high up position from which it may fall. 

The African tailor-bird gets its name from its skill in sewing 
together two broad leaves to make a nest. It uses fiber as thread 
and its bill as the needle. 

The male knot-tying weaverbird runs the risk of being re¬ 
jected by his mate if he fails to build a satisfactory nest. If the 
female is dissatisfied with it, the male has to build it again. 

Birds’ eyesight 

Birds have very acute eyesight and are often able to see 
objects one-tenth the size of what a human being could see. 

For their size, birds have large eyes. In an owl, its eyes 
occupy one-third of its head. This enables it to see one hundred 
times better than a human at night. 

Birds of prey have particularly acute sight. An eagle can spot 
its prey over 2 mi away when conditions are favorable. 
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Diving and gliding 

When an eagle swoops to the kill, it dives at very high 
speeds. The African eagle reaches 100 mph. Even so it can 
come to a halt in 18 ft. 

Other birds of prey, including the Andean condor and many 
large vultures, rely on their broad wingspans in gliding and 
hunting. With a length of 10 ft from wing-tip to wing-tip, the 
birds glide for hours in search of food. 

An indication of the work involved in such apparently 
effortless gliding is shown by the harpy eagle. This bird when 
young is larger and heavier than its parents. The work involved 
in a season’s hunting, however, causes it to lose weight and its 
wing-span to get smaller. 

Avoiding one’s enemies 

Birds have evolved in many ways which protect them from 
their predators. Some use elaborate warning songs when danger 
approaches. Others can develop great bursts of speed to outfly 
their enemies. 

The ptarmigan changes color between the seasons to camou¬ 
flage itself. This bird lives at high altitudes where there is little 
natural cover. In summer its plumage is dark brown and blends 
with the vegetation. In winter, when the ground is covered with 
snow, the ptarmigan’s feathers are white, making it as difficult 
to spot. 

In woodland areas, the bright blue jay, can warn other birds of 
the approach of enemies, can also imitate the call of hawks and 
owls and can confuse its attackers. 

Bird song 

Birds rarely sing when standing on the ground. For the most 
part, they only sing when they are in flight or perched above 
ground level. 

Some birds rely on other methods of communication than 
singing. One of these is the woodpecker, which uses its beak to 
pick grubs out of the bark of trees and to chisel a nest 
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out of a tree. It also uses its beak in a type of Morse code to send 
messages. 

There are different rhythms for different messages. One 
says, “This is my territory. Keep out ” One says, “I’m a 
woodpecker. What are you?“ And there is one addressed to lady 
woodpeckers in the spring which says, “Single male wood¬ 
pecker ,; excellent prospects , seeks female companion ” 

Coloring a flamingo 

The large, long-legged, wading flamingo does not neces¬ 
sarily possess the beautiful pink plumage with which it is 
commonly associated. Indeed, flamingoes are not naturally 
pink. They owe their color to the tiny blue-green algae on which 
they feed. These turn pink while the flamingoes are digesting 
them and then turn the birds pink themselves. 
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What we owe the Sun 

All the fuels on Earth from which we obtain the energy to pull 
the trains, run the factories, heat houses and run power stations 
are derived from the Sun. Coal, oil, gas and wood all owe their 
existence to the Sun. 

When a plant grows, the energy in the light from the Sun 
strikes the green pigment in leaves. This pigment, called chlo¬ 
rophyll, uses the Sun’s light energy to pry apart the carbon 
dioxide floating in the atmosphere into carbon and oxygen. This 
carbon is used to build the tree, and it is this material, produced 
by sunlight energy, that we use when we bum a piece of wood. 

And what about coal? Suppose the trees and ferns of a great 
forest fall down and slowly become buried by layers of other 
dead plant material. Over a period of millions of years these 
layers of dead vegetation gradually get pressed down by the 
increasing layers of other material above them. 

This is what happened during the Carboniferous period, 
350,000,000 years ago. In the end, the layers of dead trees were 
transformed into what we have now taken to calling fossil 
fuels—coal, oil and gas. 
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Today we can mine these fuels by drilling and digging 
through the layers that formed above them until we reach the 
level at which the decayed dead trees have now become coal (or 
perhaps petroleum). 

In this way every gallon of gasoline that runs your car, every 
gallon of oil or cubic foot of gas that heats your home and every 
lump of coal that bums on your fire is there by virtue of the 
sunlight energy that shone on those lush forests millions of 
years ago. 

The hot, shining Sun 

The Sun can be looked at as the nuclear power station of the 
Solar System, generating more power than we can ever use. It 
operates by a process of nuclear fusion in which hydrogen is 
changed into helium. In doing this, huge amounts of energy are 
released. 

If the Earth received all this energy, each member of the 
human race would have more than 150,000 times the total power 
produced at present in the whole of Western Europe. 

But of the amount that does reach us, 30 percent is reflected 
back into space; 47 percent is absorbed by the atmosphere, the 
land and the oceans; and 23 percent is used up evaporating water 
over the oceans (which ultimately falls as rain over the land), 
and powering the wind. 

This leaves only a tiny amount of sunlight for photosynthesis 
which, worked by the green chlorophyll, keeps the whole 
business of life, fuel and energy going. 

All the sunlight that falls on Lake Erie is approximately equal 
to the entire energy requirements of the US for one year. 

Power from winds and waves 

The Sun is responsible for the various climates of the world, 
and for the winds, to which people are now once again looking 
for alternative sources of energy. 

The Japanese already have a ship that sails under wind power, 
using techniques which they hope will outstrip those employed 
in the great days of sail. 
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If it was possible to harness all the power of the wind we 
would have 2 X A times the amount of energy we need for all our 
requirements. 

Unfortunately, the winds blow when they like. Sometimes 
there is a calm, at other times, a storm. The wind in a hurricane 
may possess more than half the world’s total wind energy 
gathered into one storm. It would be enough to supply the 
electrical energy used in the whole of the US during a six-month 
period. 

Lightning 

A huge amount of energy comes from a flash of lightning. A 
big flash may release a&much as 3,750,000,000 kilowatts of 
energy. A discharge this great causes a sudden rise in tem¬ 
perature, which may reach 30,000°C. 

Such a sudden increase in temperature causes the air to 
expand. This expansion, like the blast of a trumpet, produces 
the thunder. So far lightning has not been controlled for use as a 
source of energy. 

Geothermal energy 

Volcanic eruptions, like flashes of lightning are not usually 
manageable as power units even though the amount of energy 
they generate is enormous. 
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There are, however, certain places where geothermal power 
can be utilized. In Iceland, for example, geothermal energy is 
widely used as a source of heat, while in New Zealand power 
stations are successfully operated on geothermal heat. 

Nuclear energy 

Throughout the history of mankind, burning, whether of 
wood, coal and oil, or of gunpowder and TNT, was a matter of 
chemistry and the energy released was chemical energy. 

Nuclear power is quite different. It is a matter of physics, not 
chemistry. That is why 1 ton of uranium fuel produces as much 
energy as 30,000 tons of coal. 

It has been found in a generation of experience of nuclear 
power stations that they are far safer to operate than coal- 
burning stations. Consider the number of miners killed each 
year, quite apart from the pollution in burning coal. Yet, people 
are particularly fearful about the disposal of nuclear waste 
which takes some thousands of years to become harmless. 

Enormous efforts are therefore being made to develop a 
means for obtaining energy by nuclear fusion, as happens in the 
Sun, rather than by the nuclear fission, which we use today. 

So far, however, the necessary temperature and pressure to 
start the process going have not been attained. 

The advantages of a fusion process would be very great. 
Uranium would no longer have to be mined for use as a fuel. 
Hydrogen would be used instead. Nor would the waste products 
be so difficult to dispose of. They would become harmless in 
little more than 12 years. 
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QUICKER 
TRAN EVER 


The wheel 

The original invention which made possible the steady in¬ 
crease in speed overland was that of the wheel. Wheels were 
certainly in use 5,000 years ago, although it is not possible to fix 
the exact time and place where the first wheel was used. 

It is quite likely that the wheel developed simultaneously in 
several independent civilizations. It is, however, clear that the 
wheel was not known in America long after it had become a 
commonplace in the continents of the Old World. 

The great civilizations of the Mayas, the Toltecs and the 
Aztecs in Mexico all developed to an advanced stage without 
any knowledge of wheels. 

Roads come and go 

Even when wheels had been invented, the maximum speed at 
which anyone could travel was limited by the speed of a team of 
horses on the one hand and the state of the roads on the other. 

The Romans were excellent engineers and built a splendid 
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road system across their widely dispersed empire. This enabled 
a traveler to cover 100 mi a day, in comparative comfort. 

After the fall of the Roman Empire the great imperial high¬ 
ways crumbled into disrepair and travelers journeyed as best 
they could on the uneven, muddy and disorganized tracks which 
linked one town with another. It wasn’t until the 1780’s that 
engineers constructed the type of road surfaces that we know 
today. 



Mechanical transport 

In 1825, the first steam railway passenger service was begun 
in the north of England. The trains could travel 15 mph. This 
speed caused some alarm among those who believed that no 
human being could survive a velocity of more than 10 mph. 

The car 

Some of the early cars were driven by steam. However, the 
internal combustion engine soon took over, to be replaced in its 
turn by the even faster rocket-powered cars. The land-speed 
record in 1898 reached 38 mph. Sixty-six years later in 1964, it 
was 428 mph. Then technology advanced and today the record 
stands at 739.66 mph. 
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The airplane 

In 1947, an American rocket plane flew at 669 mph, which 
was faster than the speed of sound. Twenty years later, an air- 
launched rocket plane flew at 4,524 mph. 

Today, the Anglo-French passenger aircraft, the Concorde , 
has flown from New York to London in 2 hours 59 minutes and 
14 seconds. Passengers flying from London to New York find 
that, because of the 5-hour time difference, they actually arrive 
in New York several hours earlier than when they started. 



Space travel 

Once space travel became possible, the idea of speed became 
largely meaningless. So long as speed merely applied to the 
time,taken to travel from one point on the Earth’s surface to 
another, things were comparatively straightforward. 

When we became able to move off the Earth, thinking 
changed. We must obviously begin to take account of the fact 
that while we are standing still on the ground we are already 
traveling at about 38,000 mph as the Earth flies around the Sun. 

In 1969, the crew of Apollo X came down to Earth at a speed 
of almost 25,000 mph. 
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RAIN* RAIN 
60 AWAY 


How much rain? 

Anyone living in Cherrapunji in northeastern India really 
knows what rain is like. Cherrapunji is one of the wettest places 
in the world. In 1861 it recorded the highest annual rainfall ever 
to fall in one place: 1,041.78 in. This is more than four times 
greater than the annual record in Great Britain, which is known 
as a rainy country compared to the US. 

How often does it rain? 

Cherrapunji receives most of its rain in the heavy monsoon 
storms that fall in Asia at certain times of the year. In other parts 
of the world rain falls all during the year, but it falls more 
regularly. 

Mt. Waialeale in the Hawaiian Islands seldom has more than 
30 dry days during the year and in some particularly wet years 
on Kauai only 6 days without rain. 

In terms of spectacular rainfalls, the island of Reunion in the 
Indian Ocean received the heaviest downpour in one 24-hour 
period. No less than 73.6 in of rain fell out of the clouds one 
memorable day in March, 1952. 
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Hail and snow 

Precipitation, the fall of moisture from the skies, isn’t always 
in the form of rain. Water can come down as hail and snow as 
well. 

In 1970 hailstones, described as being the size of cannon 
balls, fell out of the clouds over Coffeyville, Kansas. The stones 
weighed more than Vi lb and each had a diameter of 18 in. 

Fortunately no one was seriously hurt in this storm, but in 
another storm in 1888 at the town of Moradabad in northern 
India, 246 people were killed by hail. 

The snowfall over the Rocky Mountains averages between 
22 ft and 30 ft every year. 

In 1977 blizzards in the northeastern U.S. in January caused 
snowdrifts up to 27 ft high. Some of these were so hard that 
snow plows were damaged when they tried to break through 
them. 

During one especially cold winter in 1925, the temperature 
dropped so low that the Niagara Falls froze solid. 



Drought 

Many parts of the world receive next to no rain at all. Indeed, 
at least one-eighth of the Earth’s surface receives less than 8 in 
of rain a year. 

• Until 1971, no rain had fallen on the town of Calama, in the 
Atacama desert of Chile, for 400 years. Then it rained and the 
town was washed out by floods and landslides. 

• Perhaps equally unexpected was a fall of snow recorded in the 
middle of the Sahara desert of Africa in February 1979. 
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• In fact, parts of the Sahara can be very cold. The winter 
temperature in the Tibesti mountains in the Sahara often falls to 
5°F (15°C). 

Struck by lightning 

Because death by lightning is so unusual, few people realize 
that in the U.S. more people are killed by lightning than by any 
other manifestations of the weather. Lightning should be taken 
seriously. Two days before Christmas, 1975,21 people sheltered 
in a hut in Umtali, Zimbabwe, were killed by one bolt of 
lightning which struck the roof. A Virginia park ranger, Roy 
Sullivan, has been struck by lightning seven times. 

At any one time, there are 1,800 thunderstorms taking place 
somewhere in the world. This implies that lightning is striking 
the earth 100 times every second. 

One of the most remarkable thunderstorms in recent history 
took place over a field in France where sheep were grazing. 
Lightning struck the sheep, killing all the black ones but leaving 
the white sheep totally unharmed. 

Hurricanes and tornadoes 

Hurricanes and tornadoes can cause damage and destruction. 
On Christmas Day, 1974, the city of Darwin in northern Aus¬ 
tralia was flattened by a hurricane which swept in from the sea. 
Winds of 100 mph demolished houses and left nine out of every 
ten people homeless. 

Tornadoes are compressed hurricanes which cover a smaller 
area, usually about the size of three football fields. In 1958, a 
devastating tornado swept through the state of Texas with winds 
of 280 mph. 
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SNIPS 
THAT PASS 
IN THE NIGHT 



Dug-out canoes 

The simplest and earliest form of water transport was the dug- 
out canoe, made from a hollowed-out tree trunk. Remains of 
these dating from 6300 BC have been found in western Europe. 

Although dug-out canoes were in use so long ago, they have 
by no means disappeared today. In parts of Africa and southeast 
Asia, dug-out canoes are still in use. The war canoes of the 
Maoris of New Zealand continued in use until comparatively 
modem times. The largest of these Maori canoes, built in 1940, 
is 117 ft long and carried a crew of 70. 

Kayaks 

Another early type of boat is the Eskimo kayak, made of 
animal skins stretched over a lightweight frame. The design of 
these one-man canoes has not changed for thousands of years. It 
has been adapted to make the glass-fiber kayaks that are used by 
canoeists today. 

In 1928 a German set out from Portugal in an Eskimo kayak 
which he paddled across the Atlantic to the West Indies. The trip 
took him 58 days. 
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Crossing the Atlantic 

The record for the fastest crossing of the Atlantic has been 
held by the liner United States since 1952, when she crossed the 
ocean at an average speed of 41 mph. 

It is interesting to note that a dolphin can swim at about 
41 mph and a sailfish at 60 mph. 

Submarines 

The submarine was first designed by a Dutch inventor, Cor¬ 
nelius Drebbel, while he was working in England in 1620. It 
consisted of a wooden frame, covered with a leather skin. 

Inside sat a crew of 12, each man pulling on an oar. 

Van Drebbel devised a means of renewing the air which 
allowed the vessel to remain submerged for a quarter of an hour. 
This submarine made its test voyages 15 ft deep in the Thames. 
According to the records, King James I of Britain was a pas¬ 
senger during one of the trials. 

In modem times submarines have been capable of going to 
great depths. In 1960, the bathyscaphe, Trieste , descended to a 
depth of 35,820 ft. 

Submarines today can travel at speeds of over 42 mph, 
2,700 ft below the surface. 

Submarines have sailed all the way around the earth without 
once coming to the surface. Others have sailed under the Arctic 
ice-cap and have surfaced through the ice at the North Pole. 

Navigation 

Today submarines and surface craft alike make use of satel¬ 
lites and radio beacons to help them locate their positions when 
they are out of sight of land. 

Before these inventions were made, navigators had to rely on 
measuring the angles of the Sun, the Moon and the stars to judge 
their latitude. 

To determine their longitude they needed to know the exact 
time. Lacking an accurate chronometer the early navigators had 
great difficulty in knowing where they were. 
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Once the chronometer had been developed, things changed. 
When Captain James Cook returned from his second voyage to 
the South Seas in 1772, the chronometer which he had used in 
his navigation and surveying was only 7 minutes 45 seconds 
slow after three years at sea. Many of Cook’s original charts are 
still used as a basis for charts today. 
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The two-legged dinosaur, Tyrannosaurus Rex, was one of the 
most remarkable prehistoric animals that ever lived. It domi¬ 
nated the world’s other creatures for some 120,000,000 years. It 
stood 8 ft tall, about the height of a small giraffe. Its reputation 
for ferocity is based on the fact that it was a meat-eater, unlike 
many of the larger, four-legged dinosaurs that lived on plants. 



Brachiosaurus 

Brachiosaurus, the heaviest animal ever to 
live on dry land, weighed an estimated 78.26 
tons, measured over 68 ft long and stood 20 ft 
high at its shoulder. 

But in spite of its size, it was vulnerable to 
attack by meat-eating dinosaurs. To avoid being 
killed, its eyes and nostrils set high on its head 
so that it could hide most of its huge body 
submerged under water and still be able to 
breathe and look around. 
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Flying and non-flying birds and reptiles 

In prehistoric times some types of birds could 
not fly, just as today. One of the most curious— 
and the largest—of these was the elephant bird 
which stood more than 10 ft high and weighed 
1,000 lbs. 

This massive bird laid the largest egg ever 
known. It was 7 times the size of an ostrich egg 
and had a capacity of 2 gals. 

At the same time there were flying reptiles 
and birds. The earliest of the birds was the 
Archaeopteryx. This creature had three clawed 
toes on each wing (as also did the Pterosaurus), 
besides possessing a long scaly tail and scaly 
jaws armed with teeth. 

The major difference between prehistoric 
birds and flying reptiles was that the body and 
wings of the birds were covered with feathers. 

Scientists are not quite sure how reptiles 
could fly. Being cold-blooded creatures it was 
not easy for them to generate the energy needed 
to fly as warm-blooded birds do. One pos¬ 
sibility is that they climbed trees or cliffs to give 
them enough height to enable them to glide. 

The horse’s ancestors 

While many animals living today had prehistoric ancestors 
bigger than they are now, the horse’s ancestor was quite small. 
The Hyracotherium was a little creature which lived 60,000 
years ago. It was only about 1 ft high. Instead of hooves, it had 4 
toes on each of its front feet and 3 toes on each of its two hind 
ones, just as the tapir, found today in Brazil, does and pre¬ 
historic tapirs did in the past. 
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Big and small 

For 80 million years, mammals were all small animals, living 
in the hostile world of the prehistoric reptiles. Then it seems that 
conditions changed and the size of the mammals began to 
increase. 

There were giant deer living 50,000 years ago with antlers 
7 ft wide that weighed up to 132 lb. 

There was a large beaver, Castoroides, with a body 7 ft long 
and a long tail. There were Mammoths roaming the forests that 
stood over 15 ft high and had tusks 9 ft long. 

And there was also the enormous Baluchitherium, a long¬ 
necked hornless rhinoceros with a head 5 ft long, a neck nearly 
6 ft long, and a body 14 ft long. 

This animal stood 17 ft high at its shoulder, making it tall 
enough to look over a two-story house. The gap beneath its 
belly was big enough to let 6 people walk through side by side. 



Survivors 

Although Tyrannosaurus Rex and most of the other pre¬ 
historic animals have long since disappeared, there are several 
that have survived until the present. 

• The crocodile, probably the nearest surviving relative to 
Tyrannosaurus Rex, is 160,000,000 to 195,000,000 years old. 

• The Australian duck-billed platypus is 150,000,000 years old. 

• The turtle is 275,000,000 years old. 

• The Coelacanth is 400,000,000 years old. This fish had long 
been thought to be extinct until a live one was caught off the 
coast of southern Africa in 1938. 
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C7 UP* UP AND AWAY 



Rockets—the start 

Does it come as a surprise that effective rockets were in use in 
the thirteenth century? In those times, they were used to good 
effect by the Chinese in the defense of the city of Klai-feng 
against the Mongols. The rockets were powered by gunpowder. 

It was not until nearly 700 years later, in 1926, that military 
rockets driven by liquid fuel were developed by Robert God¬ 
dard in the U.S. 

The beginnings of the modem use of rockets took place in 
Germany. 

In 1929, a German engineer, Max Valier, built a car propelled 
by a rocket engine. This car attained a speed of 235 mph which 
at that time exceeded both the land-speed and the air-speed 
records. 

Then in the closing months of World War II, in 1945, the 
Germans bombarded the south of England and London with 
flying bombs launched from across the English Channel, which 
also were driven by rocket engines. 
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Modern rockets 

The first of the modem rockets was built in Germany, also at 
the end of World War II. It was capable of shooting a distance of 
200 mi. It carried a large explosive warhead which descended 
on its target (London) at a speed of 3,500 mph. 

But a major advance in human history, something that no one 
had ever done before, was the successful launch in 1957 of the 
Sputnik by the Soviet Union. This was a rocket powerful 
enough to project a satellite right around the world. This satel¬ 
lite traveled at a height of 550 mi and a speed of 17,000 mph. 

In 1961 Soviet engineers followed this up by building a larger 
rocket carrying the satellite, Vostok L On this Yuri Gagarin 
became the first man in space by orbiting the Earth for 1 hour 29 
minutes at a speed of 1,776 mph. 

Men on the Moon 

By July 1969, American engineers had developed such pre¬ 
cise control over rockets that astronauts could travel in them. 

They were able to launch Apollo II with three men in it, guide 
it into orbit around the Moon, land two men on the surface of the 
Moon and successfully bring all three back to Earth. 

• To escape from the Earth’s gravity requires a speed of 
24,800 mph. 
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• When the capsule is in space, its speed must be reduced and its 
direction adjusted. An error of 1 mph would involve missing the 
Moon by 1,000 mi. 

• An error of 1 degree in direction might cause the vehicle to 
arrive at the landing sight on the Moon 7 hours too early or 7 
hours too late. 



Space travel 

The Soviet scientists have developed a quite substantial orbit¬ 
ing space station to which their astronauts can come and go. 
They can even live there for quite long periods while they make 
their observations. 

American progress has been in the development of a re¬ 
usable shuttle plane which can be sent voyaging again and 
again. 

Getting back 

A particular problem facing American engineers was how to 
get the space shuttle back down to Earth as if it were a glider 
when it weighed 109 tons. The speed at which this machine 
came down was about 25 times the speed of sound. 

Previous space capsules were protected from frictional heat 
by special heat-shields. But different arrangements had to be 
made for the shuttle. 
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In the end the designers decided to cover the most sensitive 
parts of the craft with special tiles that would deflect the heat 
from the body of the vehicle and prevent it from burning up. 

The tiles were designed to withstand temperatures up to 
1,260°C. Their texture was like plastic foam to the touch and 
consisted of about 90 percent empty space and 10 percent very 
fine silica fibers made from very pure sand. 

The outside of each tile was covered with a form of black- 
glazed glass which deflected 95 percent of the heat falling on it. 
The remaining 5 percent was absorbed by the interior of the tile 
and was thus prevented from reaching the main body of the 
shuttle. 

In all, about 34,000 tiles were glued to the body of the 
spacecraft and of these only about 100 needed replacing when 
the first flight had been completed. 

It is interesting to note that the first American space flight in a 
re-usable space shuttle was made exactly 20 years to the day 
after the first manned space journey of all was made by the 
Soviet Yuri Gagarin. 




VEGETABLE 

MATTER 


The richness of botany 

There are about 425,000 different kinds of plants and about 
5,000 new sorts are being discovered—and being developed— 
every year. To work out the way they are related to each other 
and the way they evolved to be the way they are, are two of the 
delights of botanical study. 

Old trees 

The oldest and the largest living things on Earth are plants. 

There is a bristlecone pine in the mountains of California 
which is already 4,600 years old and, if it is taken care of, there 
is no reason why it should ever die. 

If, however, an old tree is cut down, the ring markings across 
the trunk provide a record of the weather of past history. 

When a year is favorable to growth, the ring is wider than that 
produced in a cold, dry year. The rings in an old tree also 
provide verification for the process of estimating time past, 
known as carbon dating. 

A curious feature of tree rings is that in the northern hemi¬ 
sphere they are just slightly further apart on the side of the trunk 
facing south than on the side facing north. If, therefore, you are 
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lost in a dark forest you can tell which direction is north (or 
south) by cutting down a tree and examining the rings on the 
stump. 






Big and tail 

Every year a tree lives it grows bigger. It 
follows, therefore, that some of the very large 
trees in California are very old. 

There is a Sequoia pine 250 ft tall which is 
94 ft around the base. It has been calculated that 
there would be enough wood in this one tree to 
make 40 five-room houses or 5,000,000,000 
matches and that its base is so large that it would 
take 17 men with their arms outstretched to 
reach all the way around it. 

An even taller Sequoia has been found to be 
340 ft high. 

A huge tree of this size starts out as a seed 
weighing Mooth of an ounce and increases its 
weight 100,000,000,000 fold. This is ten times 
the increase in weight of a fully grown human 
starting life as a single fertilized cell. 


Speed of growing 

Sequoias and other large trees grow steadily year by year. But 
there are other kinds of plants which grow either quickly or 
slowly and then stop. 

• Bamboo, which is a grass and not a tree, grows as much as 
3 ft in a day. 

• The giant kelp seaweed found in the Pacific may grow IVz ft a 
day, reaching a final length of up to 900 ft. 
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Plants are, of course, affected by the conditions under which 
they grow. 

• A Sitka spruce growing high up on the mountains in the Arctic 
was found to have taken 98 years to grow to a height of 11 in. 

• In the Antarctic where it is surprising that any plant could exist 
at all, lichens have been found growing on bare rock as close as 
263 mi from the South Pole. 

• The dwarf willows that grow in the tundra regions of Green¬ 
land only reach a fully grown height of 1 ft 8 in. 

Growing flowers 

Flowers are the forerunners of seeds from which new plants 
grow. It is, therefore, not altogether surprising that trees and 
other plants that are long-lived do not always produce flowers 
very frequently. 

In Bolivia, a particularly large herb only produces its first 
flower when it is about 150 years old. When it does flower, 
however, the blossom forms a cluster 30 ft high containing up to 
8,000 individual flowers. 

An even larger flower belongs to the foul-smelling “stinking 
corpse lily” and grows to a diameter of 3 ft. 
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WOULD 

YOU BELIEVE IT? 


Game numbers 

Various types of games offer a number of interesting pos¬ 
sibilities to the mathematician. 

For example, in a game of chess, they are 318,979,564,000 
possible ways of playing the first moves on each side. 

Even in dominoes which seems, on the face of it, a com¬ 
paratively simple game, it would take 118,000 years to play all 
the different combinations possible in a game, assuming that 
you made four moves a minute and played for 10 hours a day. 

In a game of bridge, it is possible to deal 54,000,000,000,- 
000,000,000,000,000,000 different hands. 

But even this number looks insignificant when set against the 
total possible number of ways of arranging a pack of 52 cards. 
This is about 80,660,000,000,000,000,000,000,000,000,- 
000 , 000 , 000 , 000 , 000 , 000 , 000 , 000 , 000 , 000 , 000 , 000 , 000 . 

Arranging books and counting 

Arranging 15 books on a bookshelf may not appear to be a 
very difficult task, but if you made one change every minute 
you would spend 2,487,996 years arranging your books before 
you had used up every possible arrangement. 

If it takes 1 minute to count to 200, it will take 19,024 years, 
68 days, 10 hours and 40 minutes to count to a billion. 
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Rabbits 

A rabbit begins to breed when it is 6 months old. It then has 
from 4 to 8 litters a year, each bearing from 3 to 8 baby rabbits. 
It lives seven or eight years. 

In the middle of the nineteenth century, three pairs of rabbits 
were released in Australia. In less than 10 years their numbers 
had swollen to millions and the rabbit population had become a 
major threat to the Australian economy! 
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*X" MEANS MULTIPLY 


How we multiply 

Most people are so accustomed to being able to multiply two 
quite large numbers together that they do not appreciate how 
subtle the process is. For example, to multiply 753 by 624, most 
people go about it like this: 


753 

624 

3012 

1506 

4518 

469,872 

In Elizabethan times, however, four hundred years ago, they 
did multiplication quite differently. First they drew what they 
called a lattice to fit the two numbers which were to be multi¬ 
plied. One number was written across the top and the other 
down the righthand side, thus: 
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To do the multiplication, one took the 3 and multiplied it in 
sequence by the 6, the 2 and the 4, entering the answers in the 
appropriate squares. Then the 5 is multiplied by the 6, the 2 and 
the 4, and then the 7 is multiplied likewise. In the end, the lattice 
looks like this: 


7 5 3 

6 

2 

4 

To get the answer to the multiplication as a whole, each 
diagonal column has to be added, starting at the bottom right- 
hand comer. If the sum comes to more than 9, the units of 10 are 



M3 









added to the sum of the next diagonal column. This gives the 
answer down the left-hand side and along the bottom, thus: 


7 


5 


3 



6 

2 

4 


The number 142857 

Let me introduce you to a remarkable number: 142857. 
Notice that when it is multiplied by each of the numbers from 1 
to 6, the digits constantly reappear in the same order, although 
the starting number changes each time: 

142857 x 1 = 142857 
142857 x 2 = 285714 
142857 x 3 = 428571 
142857 x 4 = 571428 
142857 x 5 = 714285 
142857 x 6 = 857142 

Multiply by 7 and you end up with a row of 9’s: 

142857 x 7 = 999999 
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Above 7 the pattern returns, provided that you add the digits 
before the sequence to the remainder. Here’s an example: 

142857 x 9 = 1285713 

Take the first digit of the answer, 1, and add it to the remaining 
number: 


285713 

_±_ 1 

285714 

And the sequence reappears. 

And here’s another example, using a large number 86: 

142857 x 86 = 12285702 

Remove the digits before the start of the sequence (2857 . . .) 
and add them to the remainder: 

285702 

+_ 12 

285714 

Again the sequence reappears. 
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YOU AND YOUR BODY 


C _ 


The human body is a complex system. We are, indeed, 
fearfully and wonderfully made. 

Hair 

If you have blonde hair, the chances are that there are some 
150,000 hairs on your scalp. If you’re a brunette then you are 
likely to have 50,000 fewer hairs. Redheads usually come last of 
all with 90,000 fewer hairs. 

Whatever number you have, each hair is remarkably strong, 
and is capable of supporting a weight of 2Vi oz. This means that 
the combined strength of all the 150,000 hairs would be enough 
to support 12 tons. 

The skull and the brain 

As babies, our skulls are made up of 29 individual bones 
which gradually join together as we get older until they form a 
solid mass by the time we are fully grown. 

Inside the skull lies the brain, the communications center of 
the body. 

The human brain looks like a large grey-and-white mush¬ 
room with a wrinkled surface. The brain needs constant sup¬ 
plies of blood and the oxygen that the blood carries with it. 
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Fifteen percent of our blood goes to the brain and any 
interruption to the blood supply longer than a few moments 
causes serious brain damage. 

There are about 14,000,000,000 cells in the brain. These 
could form more phone connections than could a telephone 
exchange designed to connect everyone in the world. 

The brain sends signals around our body at about 250 mph 
through a nerve network almost 45 mi long. 



The eyes 

The optic nerve, which runs to each of our eyes, is one of the 
main nerves in our head. It is made up of 800,000 nerve fibers. 
Each eye, no bigger than a table tennis ball, contains within it a 
sensitive screen, the retina, which possesses some millions of 
connections and can deal with 1,500,000 messages at the same 
moment. 

In a baby, the eyes are about !4ooth of its total weight, but in an 
adult the eyes represent only l Aoooth of the body’s weight. 

Most people blink 25 times a minute and the muscles in each 
eye move 100,000 times a day. 
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The nose 

Every day your nose cleans, moistens and warms more than 
18 cu yds of air. 

When you breathe gently, air passes through your nostrils at 
the rate of 2 yds a second, the speed of a gentle breeze. When 
you sneeze, the speed rises dramatically to that of a moderate 
hurricane. 

In a lifetime, each of us can expect to breathe in enough air to 
fill 2Vi large airships. 
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Ears 

In each middle ear (a chamber about the size of a bean) there 
are three minute bones hinged together The range of sounds 
that we can detect gradually diminishes as we get older. Sound 
frequencies are measured in cycles per second. 

• A baby can hear sound frequencies up to 30,000 cycles/sec. 

• A teenager cannot hear sounds with a frequency above 20,000 
cycles/sec. 

• A man of 50 cannot hear frequencies above 8,000 cycles/sec. 

• By the time he is 80 he will not be able to hear frequencies 
above 4,000 cycles/sec. 

To prevent dust and rubbish getting into our ears they are 
protected by thousands of tiny hairs and 4,000 wax glands. 



The heart 

Your heart starts beating before you are bom and carries on 
beating through every minute of your life until you die. 

• An adult heart beats about 40,000,000 times a year. It follows, 
therefore, that in an average lifetime it will beat 2,500,000,000 
times. 

• Beating at 70 beats a minute, your heart will in a minute pump 
more than a gallon of blood through your body. 

• During the course of a day an adult heart will pump blood 
through a total of 60 mi of blood vessels. 
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• By the time a man reaches his 47th birthday, his heart will 
have pumped a total of 300,000 tons of blood. 

The average man possesses IV 2 gallons of blood while the 
average woman has about 1 quart less. Fifty-five percent of this 
blood is composed of straw-colored liquid, plasma.. The other 
45 percent is made of solids: 

25,000,000,000,000 red cells 
20,000,000,000 to 50,000,000,000 white cells 
and 1,250,000,000,000 platelets. 

Each cell lives for 4 months. To replace those which die about 
200,000,000,000 red cells have to be replaced every day. New 
blood cells are made by the marrow in one’s bones. 



The skeleton 

A baby has 350 bones in its body. Some of these join together 
as the baby grows so that grown-up people only have 206 bones 
in their bodies. A quarter of these are in their feet. 

The thighbone or femur is the longest bone in the body and 
27 percent of one’s height is accounted for by the thigh bone. 

Every bone in the body is joined to another in some way or 
other with the exception of the thyroid bone in the throat. 
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Muscles 

Most of the bones are connected to muscles which make 
them move. Forty-two percent of a man’s weight and 36 percent 
of a woman’s are muscles. 

There are about 656 muscles in the body. When we are bom 
they only have !4oth of their final size and power. 

It takes 17 muscles to smile and 43 to frown. 

The skin 

Covering the whole of the outside of our body is the skin. 
Sixteen percent of the total body weight is skin. 

There are 2,000,000 sweat glands on the skin. 

Millions of cells on the surface of our skin are rubbed off each 
day with the result that we get a completely new outer skin every 
27 days. 

On average, skin is .04-.08 in thick but this can vary consid¬ 
erably. The skin over the eyelids is only .02 in thick, whereas 
the skin on the soles of one’s feet can be as much as .24 in thick. 


121 


ZEPPELINS 
TO AUTOGIROS 




The first men to fly 

In 1783, two French brothers, Joseph and Jacques 
Montgolfier, showed that a hot-air balloon would fly and later 
the same year, men had actually flown. By 1785 two men, 
Blanchard and Jeffries, had flown across the English Channel. 

But it was not until 1900 that a “dirigible”—a cigar-shaped 
balloon, driven by an engine and capable of being directed— 
was built by a German inventor, Count Ferdinand von Zeppelin. 

Three years later, in 1903, the Americans, Orville and Wilbur 
Wright, succeeded in making an airplane, as distinct from a 
balloon, capable of flying when pushed along by a propeller. 










Von Zeppelin gave his name to the first of the airships which 
played an important part in the first thirty years of aviation. 
These huge vehicles were filled with hydrogen to keep them up 
in the air. The largest of them, the Hindenburg, was a little over 
740 ft, capable of carrying 200 passengers in a compartment 
attached to the lower part of the gas chamber. The Hindenburg 
was so big that if it had been stood on its nose beside the Empire 
State Building in New York it would have reached as far as the 
62nd floor. 


The autogiro 

The autogiro, invented in 1920, was the forerunner of the 
most versatile aircraft we possess today, namely the helicopter. 

The autogiro looked like an airplane at the front, having a 
propeller, but instead of wings it was fitted with a large rotor 
similar to that of a modem helicopter. As the small propeller on 
the front pulled the aircraft along, the rotor started to turn and 
lifted the aircraft off the ground. This allowed the autogiro to 
“jump” into the air after traveling only a short distance forward. 
It could also land at a very steep angle. 

Although the autogiro lacked the ability to hover like a 
helicopter, its development marked a turning point in the history 
of helicopter development. 

Actually, Leonardo da Vinci was the first to make a model of 
a helicopter in the fifteenth century! 


The beginning of modern aircraft 

Leonardo had other original ideas about aviation, in par¬ 
ticular in his design of a parachute and a propeller. He failed, 
however, to make a machine that would fly like a bird by 
flapping its wings. 

The first successful aircraft were designed on the principles 
of box kites. Very early man-carrying kites had been known and 
used for a long time in Japan. Large kites were made into gliders 
by the Briton Sir George Cayley in the nineteenth century, and 
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in 1853 made his coachman make an historic flight across a dale 
in Yorkshire riding on one of his master’s gliders. 

Throughout the last half of the nineteenth century more and 
more experiments were carried out to convert gliders into 
airplanes. Even then, it took Orville and Wilbur Wright five 
years to build and fly their heavier-than-air machine under 
power. The aircraft they built was 19 ft long, had a wingspan of 
37 ft and a total weight of 750 lb. 

On December 17, 1903, Orville Wright got his machine into 
the air over the beach at Kitty Hawk, North Carolina, and flew 
for 12 seconds, during which time he covered over 120 ft. 

One man’s lifetime 

Orville Wright, the first man ever to fly, lived to see Yuri 
Gagarin become the first man to travel in a spacecraft in orbit 
around the Earth, and Neil Armstrong become the first man to 
set foot on the Moon. 

The history of flight has come a long way from the age of the 
slow, majestic Zeppelins, on to the supersonic jet liners and, 
from them, to the re-usable space shuttle. How curious it is to 
see what ordinary men and women can do when they really put 
their minds to a problem. 
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The world’s largest desert—the Sahara—is as big as Europe (and 
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less than 10 years—to millions —and the rabbit population became a 
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If you’re a blonde, you probably have about 150,000 hairs on your 
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redhead, you only have about 60,000! 
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